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THE RATIONAL RELATIONSHIP 
BETWEEN HEATING DEGREE DAYS AND TEMPERATURE’ 


H. C. S. THOM 
Climatological Services Division, U.S. Weather Bureau, Washington 25, D. C. 
(Manuscript received December 2, 1953] 


ABSTRACT 


The probability function of degree days below the base 65° F. is derived from the temperature probability 
function. Standard statistical analysis is applied to this function to obtain the relationship between mean degree 
days and mean temperature. This relationship is modified for use with available data and applied in the conversion 
of a monthly normal temperature for Detroit to the corresponding degree day normal. 


/ 


INTRODUCTION 


Almost from the time that heating degree days first 
came into use there has been a need for a rational relation- 
ship between temperature and degree-day statistics. The 
lack of such a relationship has always made it necessary 
to estimate degree-day means or normals from degree-day 
records which were often not available and tedious to com- 
pile. Temperature means, on the other hand, are already 
available for most stations and if not, are easy to compute 
from published data. Such a relationship makes degree- 
day statistics quickly available from any place with a 
temperature record. It also removes the difficulties asso- 
ciated with the lack of consistency between temperature 
and degree-day means which has been troublesome in the 
past. This has made it difficult to adjust degree-day 
means for a heterogeneous record. In the recent normals 
revision program of the Weather Bureau, for example, the 
usual arithmetical procedures could not be applied to 
obtain degree-day normals because of the numerous 
heterogeneities in the records at most stations. With a 
rational conversion formula available, properly adjusted 
temperature normals may be converted directly to degree- 
day normals with uniform consistency. More important 
than this use, perhaps, is the fact that the rational relation- 
ship is basic to the full development of the climatological 
analysis of degree-day data. 


' Paper presented at 127th National Meeting of the American Meteorological Society, 
New York, N. Y., January 26, 1954. 
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The study reported here is another phase [1] in the 
development of a general climatological analysis for de- 
gree days below a given base. With proper modification 
it may also be employed in the analysis of degree days 
above any base. The probability function of degree days 
derived here from the temperature distribution will form 
the basis for the later development of methods for obtain- 
ing degree-day probabilities. 


THE TEMPERATURE FREQUENCY CURVE 


In a previous paper [1] it was observed that the average 
temperatures of a particular day through a series of years 
have been found to have a normal probability or frequency 
function, or to be normally distributed. This probability 
function describes bell-shaped curves like those shown in 
figure 1 which are normal frequency curves on temperature 
scale ¢. 

A normal probability function is known to be completely 
specified by its mean and standard deviation. The mean 
serves to locate the curve along the ¢ axis while the stand- 
ard deviation o determines its scale, or how widely it is 
spread along the ¢ axis. In figure 1 it is seen that both 
frequency curves are located by a mean temperature of 
60° F. but have different scales or standard deviations. 
The curve with a standard deviation of 5.0 is spread out 
widely along the ¢ axis while the curve with a standard 
deviation of 2.5 is more closely concentrated about the 
mean. 
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FicuRE 1.—Two examples of normal frequency curves, one for ¢=5.0, the other for 
g=2.5, both with mean temperatures of 60° F. Both the temperature scale ¢ and its 
transformation by equation (1) to the degree-day scale D, are shown. Ast is trans- 
formed to D, the distribution of t is transformed into the degree-day distribution. This 
is the unshaded portion under the temperature frequency curve distributed over the D 
seale together with an area of probability corresponding to the shaded portion concen- 
trated at zero degree days. The entire distribution of degree days may be represented 
by the frequency curves shown in figure 2, 


It is clear that as a result of these properties two changes 
may occur in the normal curve and hence in the distribu- 
tion of temperature: (1) The mean may shift and move 
the curve to the left or right along the ¢ axis, giving a 
location at a different value of ¢. (2) The scale or stand- 
ard deviation may change causing the curve to spread out 
or become thinner. These changes are not statistically 
independent of each other but may be considered as 
separate component properties. An example of the first 
type of change is to move the curve o=2.5 to the left 
two degrees of temperature, giving it a new mean of 58° 
but leaving the scale ¢ unchanged. The second type of 
change is represented in figure 1 by a change in scale from 
o=2.5 to o=5.0. This spreads the frequency curve 
without change in its location or mean. Also beth types 
of change could occur together, giving a curve which is 
spread out as well as displaced along the ¢ scale. 

While the discussion of location and scale changes as 
climatic factors is a subject in itself, it will assist in our 
explanation of the degree-day distribution to have some 
understanding of climatic location and scale changes in 
the temperature distribution. The general principle ob- 
served over a wide range of climatic conditions is that 
the location of the temperature distribution increases as 
the scale decreases and conversely. This is in contrast 
to bounded elements such as precipitation where the lo- 
cation, as measured by the mean, varies directly as the 
scale. Since the location of the temperature distribution 
varies seasonally, as well as climatically, such variations 
are reflected in the seasonal march at a given station as 
well as from station to station for the same season. 

The location and scale of the temperature distribution 
are best measured by the mean and standard deviation of 
the distribution. These parameters can therefore be re- 
lated through the general principle. Although the varia- 
tion of mean temperature with geographic position is not 
precise, there is, of course, a very marked tendency for it 
to decrease with increasing distance from the equator. 
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Since the mean and standard deviation vary inversely 
the standard deviation increases with increasing distance 
from the equator. In general then, the mean decreases 
with latitude while the standard deviation increases with 
latitude. Similarly in seasonal variation the mean js 
higher in summer and lower in winter and hence the stand- 
ard deviation is lower in summer and higher in winter, 

Large bodies of water have a great effect on the relation 
between location and scale of the temperature distriby- 
tion. The pronounced effects of decreasing the rate of 
change of mean temperature with latitude and the nar- 
rowing of the range between summer and winter are well 
known. The effect on the standard deviation is even 
more pronounced. As a consequence, standard devia- 
tions are stabilized over extended areas along seacoasts 
and through the seasons in such areas. For example, the 
standard deviation for January along the east coast of 
the United States is almost uniform from Maine to 
Florida while in the interior it is three times larger in 
Minnesota than in Louisiana. Seasonal variation in the 
standard deviation is also smaller along the coasts, some 
stations having nearly the same standard deviation the 
year around. This occurs particularly along the west 
coast where the effect is more pronounced because of the 
prevailing winds off the ocean. 


THE DEGREE-DAY FREQUENCY CURVE 


These location and scale changes in the temperature 
frequency distribution produce corresponding changes in 
the associated degree-day dist..bution. They may be 
illustrated by transforming temperature to degree days by 
the well-known relationship 


D=65—t, D>0 (1) 


where D is the degree-day value for a day and ¢ is the 
day’s average temperature in ° F. The inequality on 
the right is especially to be noted for it is an essential 
feature of the transformation which converts the ¢ scale 
to the D scale of figure 1. As ¢ is transformed to D, the 
distribution of ¢ is transformed into the degree-day dis- 
tribution. This is the unshaded portion under the tem- 
perature frequency curve distributed over the D scale 
together with an area or probability corresponding to the 
shaded portion concentrated at zero degree-days. Thus 
the probability of having degree days greater than zero 
on a particular day is equal to the unshaded portion 
below the temperature frequency curve and the proba- 
bility of having zero degree days is the shaded portion. 
The manner in which these shaded and unshaded areas 
vary with the temperature distribution is clearly the key 
to the relation between temperature and degree-day 
statistics. Such variations may be interpreted in terms 
of the location and scale changes discussed above. 

Since the degree-day base is fixed at 65° F., all location 
and scale changes occur in relation to it. With fixed 
scale or standard deviation, shifts in the mean produce 
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important changes in the size of the shaded area. As the 
mean temperature increases, the temperature frequency 
curve moves toward the right and the shaded area of the 
curve is increased while the unshaded area is decreased. 
This produces an increase in the probability of zero degree 
days and both a decrease in probability of degree days 
and an increased concentration of the probability at the 
lower degree-day values. The overall effect is to decrease 
the mean degree days. For a decrease in mean tempera- 
ture the shaded portion of the curve decreases while the 
unshaded portion increases. This produces a decrease in 
the probability of zero degree days and an increased con- 
centration of probability at higher degree days with a 
consequent increase in degree days. As the temperature 
mean moves to low values on the left, the amount of 
shaded area becomes negligible and the degree-day mean 
approaches 65— E(t) where E(t) is the mean temperature. 
Thus, as has long been known, the degree-day mean 
increases as the temperature decreases and at low values 
is a function of the mean temperature alone. At higher 
values of mean temperature the shaded area becomes 
important and must be accounted for through use of both 
the mean and standard deviation since the size of the 
shaded area is a function of both parameters. 

Variations in the degree-day mean produced by varying 
the temperature scale or standard deviation are not as 
easily depicted as those resulting from variation in the 
mean. With a fixed mean temperature, an increase in 
standard deviation increases the probability of zero degree 
days but also spreads the distribution to higher degree 
days. These changes have opposite effects on the degree- 
day mean so the effect of scale change is not a simple one 
and must be accounted for by an analytical relationship. 
Nevertheless, it is clear that changes in the temperature 
scale produce marked changes in the degree-day mean 
and hence must be accounted for in any relationship 
between degree days and temperature. As will be seen 
later, the scale or standard deviation is an important 
variable in the rational relationship. 


THE PROBABILITY FUNCTION OF DEGREE DAYS 


From the previous discussion it appears that the prob- 
ability or frequency function of degree days consists of 
the portion of the temperature frequency curve below 
65° and a probability concentrated at zero degree days 
equai to the probability of temperatures being above 65°. 
The former is the unshaded portion of the temperature 
frequency while the latter is equal to the shaded portion 
of the curve but concentrated at zero degree days. The 
unshaded portions of the frequency curves are truncated 
normal distributions which, when compounded with the 
probability densities at zero degree days, form mixed 
distributions which are the degree-day distributions. In 
sampling from such a distribution for a day on which 
zero degree days may occur, that day will have degree 
days greater than zero with a probability equal to the 
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FIGURE 2.—Representation of the entire distribution of degree days, D, for two examples, 
corresponding to the two temperature frequency curves of figure 1 for which the stand- 
ard deviations of temperature are 5.0 and 2.5, respectively, and mean temperature is 
60° F. Note the area of probability, p, concentrated at zero degree days. 
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unshaded area of the frequency curve and zero degree 
days with a probability equal to the shaded portion of 
the curve. When degree-day values are greater than 
zero they will be further distributed according to the 
truncated probability function, the unshaded portion of 
the curve. They are not further distributed in the shaded 
portion of the curve, for here they always take the value 
zero. 

The truncated normal distribution has been thoroughly 
investigated by several statisticians and most of the 
results we need have been reported in the literature (see 
[2, 3, 4, and 5]). There remains only to adapt the theory 
to cover the mixed distribution described above. 

Let F(t) be the normal distribution function of the 
average temperature for a day defined by 


sede (2) 


where f(x) is the normal probability function as shown in 
figure 1. Evidently F(t) is the probability that an aver- 
age temperature is less than ¢, and hence the probability 
that the average temperature is above the degree-day 
base is p=1—F(65) and below the base is g=F(65). 
Performing the transformation to degree days by equation 
(1), the distribution of degree days is 


G(D|D>0)=p+qF(65—t|t <65) (3) 


where G gives the probability of less than D degree days 
and F is the normal distribution truncated at 65° (c. f. [2]). 
It will be noted that G(0)=p which is the probability of 
the average temperature being 65° or greater, and hence 
is the probability of zero degree days. When D>0, 
G is equal to p plus the probability of temperature being 
between 65° and some assigned lower value. 

The probability function for degree days is the deriva- 
tive of (3) which is 


g(D|D > 0) =9f(65—t|t <65). (4) 
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This function is the equation of the unshaded portions 
of the curves in figure 1 referred to the D scale and is 
required in obtaining the mean value of D. The entire 
distribution may be represented by the frequency curves 
shown in figure 2. 


THE RATIONAL RELATIONSHIP 


The expected or mean value of degree days is defined 
in the usual manner by 


E(D)= ” Dg(D)dD. (5) 
0 
Applying this operation to the right hand side of equation 
(4) it is found that [2, 3] 
E\D) =q[65—E (6) 


Here E(t) is the mean temperature, o is the standard 
deviation [1], and \=/(65)/F(65). Tables of the recip- 
rocal of this function have been prepared by Pearson [4]. 
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Assuming that ¢ is normally distributed, (6) is the exact 
relationship between mean temperature and mean degree 
days. Since E(t) and o completely define the normal 
distribution which in turn determines g and i, the meap 
value of D is easily found when E(t) and o are known, 
Values of F and f are given as functions of the argument 
(t—E(t))/o in any table of the normal probability function, 
q and X are evaluated at t=65 and for convenience we 
designate (65—E(t))/o as h. 

For c=5.0 and E(t)=60 as shown in figure 1, it is seep 
that the base 65 is one standard deviation above the 
mean so, from tables of the normal distribution, g=0.841 
and \=0.242/0.841=0.288. Hence the degree-day mean 
for a day with c=5.0 and E(t)=60 is 


E(D) =.841[65—60-+ (0.288) 5]=5.4. 
APPLICATION OF THE RATIONAL RELATIONSHIP 


The rational relationship applies to the means of daily 
degree days. However our interest is primarily in monthly 
means so the relationship will be adjusted to give these di- 
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Fiaure 3.—The empirical relationship of 7 vs, h. The dots are observed values of ¢ against h. 
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rectly. A simple way of doing this is to determine the 
relationship for a hypothetical average day of the month 
and multiply the resulting degree days by the number of 
days in the month. This average day is not a real day 
on which any particular average occurs, but a hypothetical 
day whose mean and standard deviation are such that when 
the conversion is made to degree days and the result multi- 
plied by the number of days in the month the result is the 
mean degree days for the month. 

In adjusting the relationship to obtain monthly statis- 
tics it was found convenient to use the standard deviation 
of monthly average temperature which is a function of the 
daily standard deviation and much easier to obtain. If ¢ 
is the standard deviation for the average day as above, 
o, the standard deviation of the monthly average, and r 
the mean correlation between all days for a month of N 
days, it may be shown [5] that 


VNom 
vy1+(N—1)r 


Since the factor (1+ Nr) is not known but does not seem 
to vary greatly from station to station, we let it be ac- 
counted for in the overall proportional adjustment to the 
rational relationship by assuming 


o= Non. (7) 


Since o for a single day is known only proportionally, 
q, which is a function of h, will also be known only pro- 
portionally. The approximation we need may be ob- 
tained by rearranging the rational relationship (6) in the 
form 


_E(D) (1—9)_E(D)—65+ E) 


q o 


(8) 
Substituting No, for ¢ and / for the term on the left, we 
find 


E(D)—65+ 
l= 
(9) 
Since all of the variables in (8) are functions of h, J will also 


be a function of h. Solving (9) for NE(D), the mean 
monthly degree days, gives 


NE(D)=N(65—E(t) +lVWNom). (10) 


Next, / can be established as a function of h by plotting 
observed values of J against h. These values were com- 
puted from 30-year records at 30 stations representing all 
dimatic conditions in the United States. The data which 


are for all of the 12 mor ths are shown plotted on figure 3 
together with the empirical / vs. h relationship. It is to be 
hoted that the relationship is independent of climate and 
season and is only dependent on the parameters of the 
lemperature frequency distribution. In this respect the /- 
function is general, like the \-function, in that it is also 
dependent only on h. It is also similar in shape to the 
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TABLE 1.—The factors h and l, for use in computing degree days from 
equation (10) 

—0. 0.70 | 0.39 | 0.05_. 0.17 | 0.42__- 0.05 
—. 68__- —.30__ .07- 04 
—.67__- 68) .37 16 | 
—. 66. .67| —.28.. 15} 04 
—.64__- .65 | —.26_- 4] 
—.62___ —.24_- 34]. 1B. 13] 
—.00......... .61] —. 22. 82] 
—. 59 | 20. . 54. 
—. 56__- .58| —.18. 02 
—. 56 | —.16- .02 
—.51- | —.13_. | 09 .02 
—. 50. —.12. | 09 | .62_. 02 
—. —.11.- .26- 09 | 
—. 50 —.08- 08 .66_- 01 
—.45_. 49 | —.07- 07 | .67__- 
—. —.06- .31. 07 | .08_- 01 
—. 42 47) .33. 07 | 
—. 45 | —.02- .35..- 
—. 39. 44) —.01- 06 | .73_.. 
—.37.. 4B 01. 19 | .06| . 75... 
—. .02. 18 | .39- 05 | .76__- 01 
—. 35. 41 18 | .05 | .77 0 

For h > 0.78, l=0 

Forh < —0.70,l=—h 


\-function and has analogous limiting properties, e. g., 
l= —h for large values of—h, and/=0 forh>0.78. Values 
read from figure 3 have been entered in table 1 for con- 
venience in use. 

In order to use (10) to compute normal monthly degree 
days, a set of manuscript charts has been prepared showing 
isolines of monthly standard deviations, s,. Using the 
appropriate value of s,, and the normal value of the tem- 
perature, ¢, as estimates of o,, and E(t), h may be readily 
calculated. Entering the table or graph with this value 
of A one finds the proper value of l. Substituting this 
together with ¢ and s,, in (10) and multiplying by N, the 
number of days in the month, gives the degree-day normal 
ND a statistical estimate of NE(D). 

As an example, for September at Detroit we find the 
normal temperature t=64.3 and the standard deviation 
8,=2.7. Then h is easily found to be (65—64.3)/ 
(5.48) (2.7) =0.047. For this value of h table 1 gives 
l=0.17 and hence /Nis,= (5.48) (2.7)(0.17)=2.51. Sub- 
stituting in (10) gives 


ND=30(65—64.34+2.51) =96 
This is Detroit’s degree-day normal for September. 
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PRESSURE DROP IN A DUST DEVIL 


ROY E. WYETT 


Weather Bureau Regional Office, Salt Lake City, Utah 
(Manuscript received January 8, 1954] 


At about 1620 mst on August 12, 1953, the Airways 
Operations Specialist on duty at St. George, Utah, stepped 
out the door of the CAA Communications Station to begin 
the 1628 mst observation. Swirling directly toward him 
was a rising column of dust, sand, paper and other debris, 
rising to an estimated height of 50 feet—a dust devil, quite 
common to these semiarid valleys of the Intermountain 
Region during hot, dry days. This particular dust devil 
was unusual, however, in that it was about 200 yards south 
to south-southeast of the station’s microbarograph (stand- 
ard Weather Bureau equipment with a double dashpot), 
and was traveling directly toward that instrument. (See 
fig. 1.) 

Proceeding with the observation, the observer had re- 
turned to the office when the dust devil passed over the 
building. Windows and doors on the east-southeast side 
of the building were all open, and as the cloud of dust and 
sand swirled into the office and as papers began scattering 
throughout the building, the observer’s attention was 
drawn to the microbarograph, which had just begun to 
fall rapidly. Its downward traverse halted sharply, then 
reversed, leaving a vertical line the width of the pen-point, 
with an amplitude of 0.04 inch of mercury. The total 
time elapsed during this fall and rise was estimated to be 
3 seconds. 

The dust devil proceeded northward after passing over 
the station, as indicated in figure 1. From the estimated 
line of travel, it appears that the microbarograph was 8 to 
\0 feet to the left of center of the dust devil and could not 
have reacted to the lowest pressure within the storm. The 
diameter of the system was roughly estimated to be 50 to 
i0 feet. 

The microbarogram showing the pressure drop with the 
passage of the dust devil is reproduced in figure 2. The 
following analysis of the barogram was made in the Scien- 
tific Services Division of the Central Office: 

“Examination of the 4-day microbarograph 
trace from St. George, Utah (CAA) for August 12, 
1953 shows an apparently instantaneous drop 
and rise in pressure of 0.040 in. at approximately 
1625 mst. This drop was preceded at 1610 mst 
by a slight drop of 0.005 in. in 5 minutes and a rise 
at 1615 mst of 0.010 in. in 10 minutes. The trace 
was unsteady from 1625 until about 1705 sv, 
showing amplitudes of the order of 0.005 in. al- 


Borograp 
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Oust Devil 
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FIGURE 1.—Sketch of CAA station surroundings, St. George, Utah, showing path of 
dust devil, August 12, 1953. 


though the trace was flat. At 1705 mst the trace 
rose 0.008 in. sharply and then leveled off again. 
“The drop occurred at the base of a trough 
after the pressure had been falling steadily for 
about 7 hours. The pressure, however, did not 
begin to recover generally until about 3 hours 
after the drop. A time check was not made at 
(or about) 1800 mst as was the pattern of the rest 
of the chart. The drop-off itself is rather indis- 
tinguishable from most of the time checks made 
on the trace.” 
The weather threaghout the day had been partly cloudy 
to cloudy, with occasional thunderstorms in the area. At 
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the time the phenomenon occurred, there was 0.9 sky 
cover consisting of scattered cumulus and cumulus-con- 
gestus clouds estimated at 8,000 feet and broken cirro- 
stratus at 25,000 feet (on the borderline between opaque 
and transparent, though recorded as entirely opaque), 
through which the sun was shining part of the time. The 
temperature was 101° F. and the dew point 45° F. Wind 
was from the west to southwest at 10 to 14 m. p. h. prior to 
the passage, and shifted to south at 15 to 20 m.p.h. im- 
mediately after passage. 

There are too many unknown and uncertain facts about 
the incident to draw indisputable conclusions as to the 
pressure field associated with the dust devil: The esti- 
mated time interval of 3 seconds to complete the drop 
and rise in pressure may be too small, or may or may not 
indicate that the microbarograph was on the fringe of the 
dust devil; except for the fact that the system had just 
crossed the airport runway, the height of 50 feet would 
seem to indicate a quite small dust devil—a great many 
in this area rise to several hundred feet; the damping 
effect of the double dashpot would almost certainly pro- 
hibit the instrument from recording the full amplitude of 
the trough in such a short time; and the 4-day clock re- 
volves much too slowly to allow a really detailed micro- 
analysis of the barogram. 


7 20+ 
T T T T T T Ct TT 
390-—— - + ~90-— 907-4 t 90 
; 09 12 15 18 21 00 03 06 09 12 15 18 21 00 03 06 09 12 15 18 
FiGurRE 2.—Microbarogram, St. George, Utah, August 11-13, 1953. The arrow points to the pressure drop trace of the dust devil, August 12, 1953. Similar vertical marks at other 


points on the trace are time checks. 


Despite these indefinite items, it was interesting to note 
the amount of pressure drop actually recorded; it should 
prove even more interesting if a systematic dust-devil- 
observing project could be accomplished, utilizing un- 
damped barographs with accelerated clocks stationed at 
intervals of perhaps 50 yards across (or around) areas 
known to produce frequent dust devils, and predeter- 
mined observing criteria for size and height of phenomena, 
direction and speed of movement, and possibly temper- 
tures at one-foot intervals up to 15 or 20 feet above the 


ground, 
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bush [1] found traveling synoptic features “too rare or 
remote to account for typical weather patterns over the 
[Florida] peninsula.” Similar conclusions have been 
reached by others, and some difficulties in using easterly 
waves as forecasting aids have been reported by Folling 
[2] and by Durham et al [3]. 
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SOME OBJECTIVE QUANTITATIVE CRITERIA FOR SUMMER SHOWERS 
AT MIAMI, FLORIDA 
ROBE B. CARSON 
Weather Bureau Airport Station, Miami, Fla. 
Origina! manuscript received June 23, 1952; final revision received October 28, 1953 
ABSTRACT 

A brief review of previous efforts in Florida and elsewhere to cope with the problem of summer air mass showers 
is followed by a new attempt to apply to the Miami problem empirical methods of determining the combined effect 
of several often contradictory shower parameters. Employing the hypothesis that criteria differ seasonally, geo- 
graphically, and diurnally, this study classifies Miami summer soundings into four rainfall producing types for each 
of the two diurnal periods and presents averaged dry bulb, wet bulb, and dew point temperatures by 50-mb. inter- 
vals to 450 mb. for each type. In addition the heights of the 700-mb. surface and of the freezing level, together with 
corresponding changes by half days up to three days, are recorded by types. From these and related data, inductive 
reasoning suggests mechanisms for endemic shower types, and parameters are selected for determining precipitation 
during the 12-hour period following either sounding. Probability curves that represent also quantitative rainfall are 
drawn from four summer seasons’ data. Contingency tables are given for the dependent objective data, two seasons’ 
independent objective data, and one season of corresponding 12-hour forecasts. In terms of skill score the subjective 
forecasts are found to be inferior at 1500 emt and slightly superior at 0300 cmt. Principal conclusions include the 
finding that Miami showers are more closely related to the absolute humidity through a broad layer centered near 800 
her mb. than to moisture in higher or in surface levels, and that heavier showers may be inhibited by excessive absolute 

humidity above 650 mb. 

CONTENTS Palmer and Ellsaesser [4] recommended abandonment 

Pes’ _of conventional surface pressure analysis in lower lati- 

» |) The Miami shower problem.........................-... 9 _ tudes, even in those of the United States, and urged direct 

4 The problem reapproached.___.__..___-_-_-_---------__- 11 analysis of the wind field, which can be observed directly 
12 with less error where the diurnal pressure variation is 

Shower characteristics... 12 large. Unfortunately, the kind of streamline microanal- 

Th Objective forecasting aid. ysis suggested is difficult and subjective at best, and 

17. especially so over the oceans from which much summer 

4 Objective forecasting aid-__-.-.-.--..---.---------- 23 convective activity crosses the Florida east coast. 

“4 23 Despite these handicaps, it is easy to produce high 
es forecasting scores at Miami when these are measured as 
Pereemtage of rain-no rain predictions, These reflect 

generally monotonous and urusually fine weather in 
which conditions can be depended on to repeat for a few 
THE MIAMI SHOWER PROBLEM days. It is a different story when forecasts are graded 

. only on days of change; the percentage correct drops 

i It is now well known by weathermen that their middle close to zero. More as a rule than as the exception, rains 

i latitude tools are of little use in the Tropics. A central of 6 to 10 inches fall on the same generalized shower fore- 

. problem of tropical meteorology therefore is to find suit- casts that often precede days of little or no rain. 

i able methods and techniques for analysis and prediction. The complex nature of the Miami problem was noted 

. Among the few low latitude map features that have been several years ago by Abrams [5], who wrote that “aside 

i seriously appraised for diagnostic and forecasting value, from frontal showers, Miami is affected by both daytime 

; perhaps the best known are the 24-hour isallobaric pat- and nocturnal convective activity .. . shower periods 

i tern and the easterly wave. However, Byers and Rode- are usually detectable if a careful watch is kept on the 


sounding which will show up the characteristic rise in the 
height of the moist layer’ (italics mine). A study by the 
United States Weather Bureau [6] has shown that between 
0000 and 0600 est Miami has more summer thunderstorms 
than any other part of peninsular Florida except Key 
West; that between 0600 and 1200 est Miami leads in 
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thunderstorm activity; while in the period 1200-2400 restr 
Miami has fewer thunderstorms than any other part of 
peninsular Florida except Key West. Despite this, the 
majority of Miami thunderstorms occur in the afternoon. 
A later study by Bovinett [7] of July thunderstorms at 
Weather Bureau Office, Miami (1945 through 1948) also 
shows that these are far more common between the hours 
of 1100 and 1700 gsr. 

Two local rainy season shower types have been described 
by Thomas [8]. The first is associated with a deep easterly 
current which produces showers and thunderstorms mostly 
at night and during the forenoon; the second has shallow 
southerly winds veering to southwest below 10,000 feet, 
producing afternoon thundershowers which develop over 
land southwest of the airport. ‘In both cases,” he states, 
“ . . relatively little activity is to be expected if a stable 
layer and dry air are present below 8000 feet.”” Bovinett’s 
study showed that in July 1946 and 1947 southwesterly 
winds at 850 mb. produced thunderstorms only in the 
afternoon; south and southeasterly winds, at any hour but 
chiefly between 1200 and 1600 mst; easterly winds, only 
between 0700 and 1100 zest (except rarely between 1600 
and 2000 esr). Other directions gave few or no thunder- 
storms. 

The role of classical parameters in these showers has 
been obscure. Hurley [9], in a study of summer thunder- 
storms at Banana River, Fla., noted that (1) the surface 
to 650-mb. average lapse rate for thunderstorm days 
differed from that for other days by only 1.2° C., (2) 
there was no reliable correlation between positive and 
negative energy areas and thunderstorm frequency, (3) 
there appeared to be no correlation between wind shear 
and thunderstorm frequency, (4) a relatively thick layer 
of moist air—3,000 to 4,000 meters—was necessary for 
widespread thunderstorm activity. The last observation, 
singularly in agreement with others noted above, offered 
perhaps the best clue for identification of thundery days. 
A few years later Baum [10] concluded that occurrence or 
nonoccurrence of Florida thunderstorms could not be 
determined by purely thermodynamic considerations, even 
when the moisture content was taken into account. A 
study by the United States Weather Bureau [6] reported 
average lapse rates to be coincident for those stations 
reporting showers and/or thunderstorms and those not 
doing so, and Chalker [11] obtaining similar results con- 
cluded that the effect of the lapse rate is greatly over- 
shadowed by the role of relative humidity in many cases. 
Beebe [12] reported from Atlanta the abandonment of the 
parcel method as a forecasting tool. Further evidence 
that criteria for air mass thunderstorms were not every- 
where in accord with classical concepts came from a 
study by Means [13], who found a relationship between 
thunderstorms and “cross pattern’ trends in the central 
United States; charts presented in support of this relation- 
ship show plainly that the large May-July increase in 
thunderstorm activity in northwestern Florida is unrelated 
to this factor. 
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The work of Gentry [14] offered for the first time q 
systematic analysis of the Miami showers as related to the 
wind field, humidity, and convergence at selected levels, 
A test of his method in 1950 at the Miami Flight Advisory 
Weather Service Unit showed that it offered improvement 
over current forecasts, particularly on a skill basis. 4 
disadvantage of the method was the subjectivity inherent 
in streamline analysis. Nevertheless, the paper demon- 
strated, after the methods of Brier [15], Thompson [16] 
and others, an effective means of solving empirically the 
old riddle of the group effect of many and contradictory 
rain parameters. 

As results to be presented in this study often can be 
interpreted in terms of diurnal convergence patterns, 
some findings of recent studies of this factor should be 
kept in mind. In 1948 Byers and Rodebush [1], seeking 
a sounder theory of Florida thunderstorm activity, dis- 
covered a pronounced 1600 EST diurnal maximum of 
convergence at 1,000 feet at the centroid of a wind triangle 
made up of Jacksonville, Miami, and Tampa, produced 
by afternoon sea breezes entering the peninsula from 
both sides. Along the Gulf coast, where the double effect 
did not operate, both convergence and thunderstorm 
activity were halved. Day [17] has shown that (for 
July and August 1951) the diurnal convergence pattem 
over much of southeast Florida is related to but not 
identical with that reported by Byers and Rodebush for 
interior Florida. The 1,000-foot convergence maximum 
occurs instead at 1000 EST, with divergence beginning at 
4,000 to 5,000 feet. A daily daytime trigger appears to 
exist in this part of the State too, but it is much less 
pronounced and intense, and probably effective only if 
upper air moisture distribution is just right. Thus if 
large scale diurnal vertical movement must be taken into 
account in understanding the showers of the peninsular 
interior, it seems that smaller scale but regular vertical 
motion is also a factor to be reckoned with in understanding 
the conditions of summer showers along the lower east 
coast. Individual standards of critical moisture distribu- 
tion may exist over different parts of the peninsula: over 
the interior, where the strongest afternoon lift is felt, the 
air rising into the 500-mb. level would be subject to warm- 
ing by latent heat found at 1000 EST near 650 or 700 mb., 
while near Miami a higher level, say 550 or 600 mb. would 
often affect late afternoon positive areas. (Evidence that 
just such levels at Miami are critical in the production of 
heavier afternoon showers will be presented in fig. 10c). 

Day’s data show that at 2200 esr divergence is the rule 
below 5,000 feet in the area studied. We are then in need 
of a unique explanation of the troublesome showers that 
occur in the early hours after midnight. Forecasting of 
these almost invariably has depended on the forecaster’s 
night vision and observational alertness rather than on 
sophisticated techniques. 

A few other research findings will be mentioned because 


1 The diurnal variation in convergence at these levels explains a local empirical rule 
regarding a rather dependable failure of middle clouds to persist through the afternoo?- 
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they dovetail into the Miami data to be reported below. 
According to Showalter [18] tornadoes require, among 
other things, a layer of moist air near the surface usually 
extending upward to a level below 10,000 feet, where a 
distinct dry tongue is favorable. Tillotson [19], compar- 
ing the relationship of Denver showers to both the 700-mb. 
mixing ratio and the averaged value from the surface to 
700 mb., reported the lower values as better related to 
thunderstorm activity. Means [13] states ‘thunder- 
storm activity seems to be damped under the warm lid 
aloft at 700 mb. in areas where the greatest advance of 
isotherms at that level has occurred.” Lastly, we note 
that Malkus [20, 21], Stommel [22] and others of the 
Woods Hole Oceanographic Institution have observed 
that trade cumulus do not show the well defined, classical 
columns of unsaturated, warm air rising from deep in the 
layer of air under the cloud. This group has constructed 
a tentative model of these clouds showing entrainment of 
drier air into their windward sides. (All italics mine). 


THE PROBLEM REAPPROACHED 


Data compiled by the United States Weather Bureau 
[6] presented evidence suggesting that shower criteria are 
not uniform in space and time. Thunderstorm-producing 
soundings for July 1942 at Oklahoma City showed slightly 
lower mixing ratios below 850 mb., with markedly higher 
values between 800 and 400 mb. at both 1100 and 2300 
est. At Washington, however, such thundery soundings 
showed considerably higher mixing ratios at all levels 
below 400 mb. at 1100 est and differed hardly at all from 
non-thunderstorm soundings at 2300 est. These findings 
are neither particularly consistent with each other nor 
with such uses as Miami forecasters have learned to make 
of the Miami sounding. Among the several possible 
explanations of this fact the following idea has been 
adopted as a working hypothesis in the preparation of this 
paper: shower criteria differ geographically, diurnally, and 
seasonally. 

In the belief that an investigation was warranted in the 
Miami area, a detailed study of the Miami soundings for 
July and August 1950 was made by the author. Confine- 
ment of the present approach to the Miami shower 
problem to these narrow limits appears to be justified, 
although the following objections might be raised: (1) no 
account is taken of the wind field, which is of great im- 
portance in determining when and if showers will occur at 
Miami, (2) radiosonde data are not representative of 
anything more than a very limited section of time and 
space and cannot be assumed reliable on this account, (3) 
radiosonde data are themselves subject to large enough 
errors to nullify efforts to use them, and (4) 2 months is a 
relatively short. period on which to base a study. 

Objection (1) is met in part by the following considera- 
tions: Although the wind field is a basic source of weather, 
its direct analysis over oceanic areas is highly subjective. 
There is a possibility of getting equivalent results from 
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close study of the sounding itself, since it is a product of 
the wind field. Because low level convergence through a 
deep layer results in high moisture content, a conservative 
factor like the mixing ratio may be taken as an index of 
this convergence, one that has the great advantage of being 
objective. Similarly, changes in lapse rate may be con- 
sidered a function of the wind field and hence to some 
extent a measure of it. It is far from the purpose of this 
paper to urge that raob analysis be substituted for careful 
appraisal of the winds aloft; the analysis should instead be 
added to it. Indeed the ideal solution, one far beyond the 
time resources of the author, would incorporate additional 
wind and other parameters to provide for scientific 
appraisal of all the important shower indices. The 
present study was limited to raob factors because these 
must be separately analyzed if we are ever to learn their 
significance. 

Objection (2) has already been considered in part in the 
discussion of objection (1). Is it likely that the diurnal 
convergence cycle shown by Day to exist near the centroid 
and probably generally within an equilateral triangle over 
200 miles on its side would often be operative in Opa 
Locka but not in Coral Gables? Or that the 700-mb. 
height falls to be studied would often be found over 
Miami Beach but not Hialeah? This objection amounts 
to asserting that these conditions are commonplace. 
With regard to our primary purpose—determining some of 
the conditions of our heavier showers—it seems reasonable 
to assume that such conditions are rare. 

Objection (3) leads us to note that all radiosond 
observations used were taken after the introduction of 
lithium chloride hygrometers of less lag than the mechan- 
ical type, and after the introduction of instruments less 
subject to solar radiation. Of course, even the newer 
instruments are less than perfect, as are observers. 
Nevertheless, according to the United States Weather 
Bureau [23], compatibility tests (sponsored by the Air 
Coordinating Committee) of the several types of radio- 
sondes in use in the United States showed that for all 
constant-pressure levels up through 400 mb., 61 percent 
of plotted temperature points agreed within 1° C. and 91 
percent within 2° C., and 90 percent of relative humidity 
points agreed within 10 percent. These tolerances even 
if aggravated by transmissional errors, are not such as to 
invalidate practical use of radiosonde data, especially in 
a study like the present one in which average values are 
used. The evidence rather indicates that instrumental 
and observational techniques have already surpassed 
professional skill in using observational data. 

Objection (4) is not pertinent to the purposes of the 
present study. On the contrary, the relatively short 
period of 2 months was chosen deliberately. Within this 
period was a series of several wet and dry spells of the 
kind forecasters are expected to identify and foresee. If 
statistical differences are not plainly evident in the 
soundings of this short period, doubt must attach to 
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their use at all in day-to-day shower forecasting, since 
any statistical defects inherent in a 60-day period are 
multiplied many times over in the shorter period of 1 day. 

These considerations seemed to justify the detailed 
study of the Miami soundings for July and August 1950, 
and the investigation was started in the fall of 1950. 
Soundings associated with hurricanes, missing data, or 
frontal weather (rare in summer) were eliminated. At 
first, 0300 and 1500 amr values were lumped together, 
with tantalizing results that merely suggested that 
improvement could be had by separating the two diurnal 
types. These results together with the following con- 
sideration led to the final plan to study separately the 
0300 amr and 1500 emr soundings: It is basic to know 
precisely what type sounding is required for immediate 
rain (other factors assumed favorable). If we lack such 
basic knowledge, any attempt to forecast from trends in 
either soundings or wind field seems futile. A corollary 
of this principle: we will have to learn to anticipate these 
heavy showers by 5 hours before we can hope to do so for 
5, or for 30, days. 

Soundings for the 2 times were classified into 4 groups 
according as they produced a total rainfall of zero, trace 
through 0.05 in., 0.06 through 0.99 in., or 21.00 in. at 
the Miami Weather Bureau Office and Weather Bureau 
Airport Station, combined within the 12-hour period 
beginning shortly after the sounding was made. (Periods 
were not quite coincident, being 0130 to 1330 mst and 
1330 to 0130 est at WBAS, and 0000 to 1200 usr and 
1200 to 2400 zest at WBO.) The four types will be 
referred to as D, W, WW, and WWW soundings. Data 
recorded were dry bulb temperature, wet bulb tempera- 
ture, and dew point at 50-mb. intervals from 1000 through 
450 mb. In addition, the height of the 700-mb. surface, 
together with the corresponding tendency for periods of 
12, 24, 36, 48, 60, and 72 hours preceding were recorded, 
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as well as the pressure in millibars of the freezing level and 
similar tendency increments up to a period of 72 hour, 

Inclusion of the freezing level resulted from a study of 
the August 1-5, 1950 soundings, which revealed a diurng] 
pattern in freezing level movement which changed phase 
by one-half day 36 hours before a heavy rain. This and 
other evidence suggested that the soundings themselves 
sometimes offer evidence of vertical movement that would 


be most difficult to detect in other ways. Just how much 


of these temperature changes may be due to advection, 
how much to daytime temperature error, and how much 
to vertical movement would be a considerable problem in 
itself, but it seems reasonable to assume that under stag. 
nant summer conditions, at least, no small part of it 
represents vertical movement. 

In classifying the soundings it was noted that WBO 
and WBAS rainfall closely paralleled each other most of 
the time. Although these stations are some five miles 
apart, classifications would have been essentially the same 
had either WBO or WBAS rainfall been used separately 
(with standards halved) instead of totally. The chief 
reason for using figures from both offices was to provide 
a more representative coverage in space. 


THE 0300 GMT SOUNDINGS 
SHOWER CHARACTERISTICS 


Principal findings will be presented in a few selected 
tables and figures. We might expect to find significant 
differences in rainfall-producing ability of the soundings 
if we compare mixing ratios. In figure la we see such 
comparison, from 1,000 through 500 mb., for WWW types 
only, with the 0300 emr values as the arbitrary standard, 
and 1500 emt values shown on a horizontal scale in gm/kg. 
deviation from the standard. For example, at 950 mb. 
we see that 1500 amr WWW soundings averaged 14 
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Figure 1.—(a) Departure of average mixing ratio (gm/kg) at 1500 GMT from that at 0300 GMT for WWW type soundings. Miami, Fla., July and August 1950. (b) 0300 GMT average 
change in freezing level pressure (mb.) for various time increments for each of the four shower types. Negative ordinates indicate fall in height (rise in pressure), positive ordi- 
nates indicate rise in height (fall in pressure). Miami, Fla., July and August 1950. (c) 0300 @mT average 700-mb. height change (ft.) for various time increments for each of the 
four shower types. Height falls are negative, rises positive. Miami, Fla., July and August 1950. 
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gm/kg. higher in moisture than did 0300 cmr WWW TABLE 1.—0300 amt average temperatures (° C.) at 50-mb. pressure 


ascents. ‘This extra moisture in low levels, together with 
the relative dryness at 600 and 650 mb. shown by 1500 
emt soundings, suggests that deep convective instability, 
particularly in low levels, distinguishes afternoon from 
early morning shower types. From Day’s data [17], we 
note that ordinarily divergence prevails in low levels at 
0300 emt, which would render ineffective from a rainfall- 
producing standpoint any extra moisture in these low 
levels. At 1500 cmr however, convergence prevails in 
these levels, and we see from figure 1a that extra moisture 
in the low levels is indeed associated with the heaviest 
rains. 

Figure 1b depicts the freezing level tendencies shown 
by the four shower types at 0300 cmt. Considering the 
WWW type, it is read in this way: on an average, WWW 
showed a 12-hour fall in freezing level of 12 mb. (—12, 
as from 600 to 612 mb.); a 24-hour fall of —1; a 36-hour 
fall of —22; etc. For the 72-hour change it will be noted 
that only D soundings had an average rise (+7) while 
both W and WW averaged no change, and WWW showed 
large falls of —25 mb. The 3-day freezing level tendency 
appears, then, to offer possibilities in separating shower 
types. (Note the diurnal movement apparent especially 
in WW values; this may be partly due to temperature 
errors caused by radiational warming of the instrument at 
1500 amt.) 

Figure 1c shows similar data for the 700-mb. heights at 
0300 emr. Here the diurnal tendencies are even more 
pronounced. Changes for 72 hours again offer the best 
separation, with D, WW, W, and WWW lined up in that 
order, and with appreciable separation of D from WWW. 

In table 1 are average temperatures (°C.) for the four 
types at 0300 emt for levels from 1,000 to 450 mb. If 
these values are plotted on a suitable thermodynamic 
chart, we see that D, W, and WW lapse rates effectively 
coincide; that WWW differs in presenting steeper lapse 
rates above the level of 800 mb., fanning out to a difference 
of about 2° C. at 450 mb. Steep lapse rates are associated 
only with the heaviest showers. 
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one for the four shower types. Miami, Fla., July and August. 


Type 
bade: www ww Ww D 

Pressure 

(mb.) (°C.) °C.) (°C.) ( 

—14,.0 -11,7 —12,2 —12.3 
—4.2 —3.0 —2.7 —2.8 
6.8 8.1 8.2 8.0 
13.6 14.0 14.2 14.4 
16.4 17.2 17.2 17.5 
19.6 20.0 20.3 20.3 
22.4 22.6 22.9 23.1 


TABLE 2.—0300 amT average wet-bulb temperatures (° C.) at 50-mb, 
intervals for the four shower types. Miami, Fla., July and August 


1950 
Ty 
(mb.) (°C.) (°C.) (°C.) (°c, 
—7.2 —6.3 —6.3 —7.3 
—3.5 —3.2 —2.6 —3.6 
0 1 —.6 
Ee 3.5 4.0 3.9 3.1 
6.2 7.1 7.3 6.6 
10.0 10.6 10.5 10.0 


Table 2 shows corresponding wet bulb data. These too 
must be plotted to be evaluated; we are then in e position 
to compare convective stability. Contrasting D with W, 
we see appreciable contrasts only in the level from 550 to 
500 mb.; W against WW shows no appreciable difference; 
apd WWW, as contrasted to WW, shows great stability 
differences between 600 and 500 mb. only. We may 
conclude that light showers following 0300 emt sound- 
ings are associated with slight decreases in convective 
stability between 550 and 500 mb.; that the factors caus- 
ing light showers to become moderate are related prin- 
cipally to other considerations; and lastly that the heaviest 
showers again require further decreases in convective 
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Ficure 2.—Comparisons between average mixing ratios (gm/kg) for the four types of soundings for 0300 emt, Miami, Fh.., July and August 1950. (a) deviation of W type from D 
— (b) deviation of WW type from W type, (c) deviation of WW W type from WW type, and (d) deviation of D, WW, and WWW types from W type (combination of data 
m figs. a, b, and c). 
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3 TaBLe 3.—0300 amt aver dewpoints (° C.) at 50-mb. intervals 500 
- for the four shower nen len Fla., July and August 1950 ' ' 
3 www ww Ww D 600 
4 
3.5 3.8 42 2.6 
11.8 12.5 11.8 11:0 800 F 
18.2 18.7 18.7 19.0 
900 + - 
: TasLe 4.—0300 amr average freezing level (mb.) and average 700-mb. 
4 height (ft.) for the four — types. Miami, ge and 
1000 
Type Freezing | 700-mb. -2 0 2 
= GM/KG 
. ‘ Mb. Feet FIGURE 3.—0300 GT deviation of average mixing ratio (gm/kg) for shower type sounding 
WWW 602 10, 510 in low levels, it is believed these night showers would 
: 2 ordinarily have to develop within the more flexible layer 
el stability through, a, deeper layer from 600 to 500 mb. of 14,000 to 18,000 feet. 
{ Returning again to Day’s data we are not surprised to Table 3, presenting dewpoint data, is conveniently 
: note that control of these early morning showers rests in analyzed by converting to mixing ratio and plotting ona , 
fairly high levels. }, With normal divergence at 0300 amt _ relative scale where differences can be magnified. b> ; 
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FicurE 4.—Scatter diagram showing plots of rainfall (average of amounts at WBO and WBAS, Miami, Fla.) during the 12-hour period immediately following the 0300 GMT soundint 
| from which the mixing ratio coordinate values were taken. Dot indicates no rain; T, a trace; and number, a measurable amount (in hundredths of an inch). The empiric! F 
4 - curves are isograms of median values of rainfall amounts but may also be interpreted as rainfall frequency: 20.20 in. represents a frequency of 85%, and Strace # frequency “ 


<50%. Dependent data: July and August 1948-51. 
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figure 2a, this is done for D and W. Evidently a surge of 
absolute humidity in the deep layer between 850 and 550 
mb. is a characteristic difference in these types. Of 
particular interest is the “bite” removed at and below 
900 mb., which emphasizes that these levels have little 
to do with producing rain at this time of day when diverg- 
ence prevails here. 

In figure 2b WW is similarly compared with W. As the 
mixing ratio difference (centered near 700 mb.) between 
D and W (fig. 2a) is augmented in lower levels—i. e. 900 
mb.—the light showers become moderate. Again we note 


' the heavy “bite” in very low levels, which are still plainly 


unrelated to shower activity. 
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Figure 2c similarly compares WWW and WW. Here 
the middle level increase in mixing ratio is augmented at 
650 mb., just above the original (fig. 2a) center at 700 mb., 
producing a mixing ratio surge in the deep layer from 900 
to 650 mb. capable of producing heavy showers. In 
figure 2d, figures 2a, b, and c are combined into a single 
diagram, with W as the arbitrary standard. This was 
used because we are aiming chiefly at finding the features 
that distinguish light showers from heavy showers. Of 
great interest is the relative drying at 500, 550, and 600 
mb. associated with the heavier showers. This indicates 
that convective instability is a factor in producing the 
heaviest showers, a fact previously noted. 
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FIGURE 5.—Scatter diagram showing plots of Miami rainfall (as in fig. 4) during the 12-hour period following the 0300 Gm? sounding to which the freezing level and freezing level 
change coordinates correspond. Negative abscissa indicates a fall in height (rise in pressure); positive, a rise in height (fall in pressure). Isograms are interpreted as in figure 
4. Dependent data: July and August 1948-51. 
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FREEZING LEVEL FUNCTION, (FIG.5 ) 0300 GMT - 
Ficure 6.—Scatter diagram showing Miami rainfall (as in fig. 4) for the 12-hour period following the 0300 Gut sounding, plotted against the mixing ratio function from figure 4 and 
the freezing level function from figure 5. Isograms are interpreted as in figure 4. Dependent data: July and August 1948-51. 

Table 4 presents, by types, the freezing level and 700- In figure 3 is presented evidence from a different year en 
mb. height averages. Note that the heaviest showers had (July 1951) as a check on the validity of the relative drying pe 
the lowest freezing levels (i. e. highest pressure) with W, noted in figure 2d. Data in figure 3 present all shower sh 
WW, and WWW lining up in that order. The 700-mb. types in a single group contrasted with non-shower type. di 
heights also, except for the anomalous position of W, pre- The principal difference consists in an 800-mb. mixing Di 
sent a pattern of increasing shower activity with lowering ratio surge, together with the relative drying at 550 and ye 
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Figure 7.—Scatter diagram showing plots of Miami rainfall (as in fig. 4) for the 12-hour 
period following the 0300 Gut sounding to which the 700-mb. height coordinate values 
correspond. Isograms are interpreted as in figure 4. Dependent data: July and 
August 1948-51. 


An interesting check on data in tables 1 and 3 is the 
computation from them of the Showalter stability index 
[24] for the four types of 0300 emr soundings. Results 
are given below: 
ww Www 


2.0 0. 9 


2.6 2.0 


The quantitative value of the index is obvious. We may 
also note that 0300 Gmr summer values are usually much 
less than the 3.00 generally considered suspect for shower 
activity. 


OBJECTIVE FORECASTING AID 


Figure 4 is an objective forecasting aid based on differ- 
ences noted in the 0300 emr soundings. The forecast 
period is of course limited to that used in defining the 
shower types—the 12-hour period beginning imme- 
diately after the sounding is completed. The em- 
Pirical curves incorporate data from three additional 
years—1948, 1949, and 1951— making in all four summer 
seasons. Although raobs have been made at Miami since 
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1941, some doubt attaches to temperatures given by day- 
time soundings made before 1947, which means that for 
best accuracy in 0300 and 1500 amr data comparisons the 
period used is almost as long as data presently available 
will permit. Abscissas represent mixing ratio in the 
layer from 850 to 650 mb., averaged graphically.? Ordi- 
nates represent a similarly determined average for the 
layer 600-500 mb. Isograms drawn are median values 
for the 12-hour rainfall resulting (an average of Weather 
Bureau Airport Station and Weather Bureau Office). As 
a check, rainfall probability values were also entered at 
various points on the original scatter diagrams. These 
values were so closely related to the quantitative values 
that it seemed possible to let a single set of curves serve 
a double purpose. Median values of 0.20 in. or more 
represent probability of about 0.85; values of trace or leas, 
a probability of less than 0.50. 

Figure 5 is another objective aid prepared by ploiting 
the actual pressure of the freezing level against the 3-day 
change in this parameter (ap increase in pressure is con- 
sidered negative, corresponding to a physical fall in height 
of the level). As will be noted from the highest median, 
0.05 in., this “freezing level function” has much less 
quantitative significance than does the “mixing ratio 
function.” 

In figure 6, the result from figure 4 is plotted against the 
result from figure 5. Increased accuracy resulting from 
the combination is apparent from the higher median, 0.30. 
Figure 7 represents a fresh start with two new parameters, 
the 700-mb. height against the 72-hour change in this 
height. In figure 8 the results from figures 6 and 7 are 
combined into a single index that can be considered a 
function of the six parameters. Although median lines of 
0.05, 0.10 and 0.20 were drewn on the original figure it 
was felt that there would be less misinterpretation of these 
meanings if only regions of “‘none’’, “light’”’, and “heavy” 
showers were indicated. Also, the variability within the 
“light”’ region is much greater because only the heavier 
showers represent general conditions. 

A parameter that was tested and rejected was the inter- 
cept in millibars of the —10° C. isotherm on the adiabatic 
chart with the temperature sounding curve. Evidently 
the observed lapse rate in these levels is less important than 


the impending one. 
THE 1500 GMT SOUNDINGS 
SHOWER CHARACTERISTICS 


Figure 9a presents the freezing level movements for the 
four shower types. These data offer little help in identi- 
fying types—certainly less than was seen in figure 2 for 
0300 Gar. 


2 A small transparent ruler is laid on the adiabatic chart with its edge parallel to the 
constant specific humidity lines and crossing the dew-point curve near the middle of the 
layer. From extremities of the layer, perpendiculars are dropped from the dewpoint to 
the ruler which is then moved left or right without altering its slope until a point is found 
such that the sum of the areas enclosed by the ruler edge, the perpendicular and the mixing 
ratio curve on the left equals that on the right. If the curve is a straight line, the 
average can be taken, for practical purposes, to be the value at 750 mb. 
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FiGuRE 8.—Scatter diagram showing Miami rainfall (as in fig. 4) for the 12-hour period following the 0300 Gut sounding, plotted against the mixing ratio-freezing level function from 
figure 6 and the 700-mb. height function from figure 7. Isograms, now a function of six parameters, are interpreted as in figure 4. Dependent data: July and August 1948-51. 


Figure 9b is of interest when compared to figure Ic, 
which it resembles only slightly. The zigs of one are the 
zags of the other. Again we note that 3-day falls tend to 
distinguish WWW but this time with less suggestion of 
continuous quantitative significance (D falls between W 
and WW). ‘The overall downward slope of WWW to the 


right is perhaps meaningful; note that these heaviest 
showers occurred just after 12-hour rises of 50 feet and 
72-hour falls of 25 feet—that is, on a strong rise following 


a gradual 3-day fall. This fits accepted patterns of 
easterly waves, with maximum convergence just after 
wave crest passage. However a test of this slope as 4 
parameter proved disappointing. Probably a few large 
values affected the averages in figure 9b enough to suggest 
qualities less typical than exceptional. 

Table 5 gives temperature averages for the four type 
1500 amr soundings. Plotted on an adiabatic chart 
they show the following contrasts: W lapse rates, as com- 
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FiGuRE 9.—(a) 1500 GMT average change in freezing level pressure (mb.) for various 
time increments for each of the four shower types. Negative ordinates indicate fall 
in height (rise in pressure); positive ordinates indicate rise in height (fall in pres- 
sure). Miami, Fla., July and August 1950. (Compare with fig. 1b for 0300 emt 
soundings.) (b) 1500 GMT average 700-mb. height change (ft.) for various time incre- 
ments for each of the four shower types. Height falls are negative, rises positive. 
Miami, Fla., July and August 1950. (Compare with fig. 1c for 0300 GMT soundings.) 


pared to D, are slightly steeper from 1,000 to 850 mb., 
nearly identical from 850 to 600 mb., and again slightly 
steeper from 600 to 500 mb. Considering W as against 
WW, temperature curves are about a degree apart up to 
600 mb., with the paradox of stabler lapse rates for WW 
between 600 and 550, and with nearly identical curves 
above this. One way of partially separating these types 
on a basis of temperature distribution is to mark the level 
of intersection of 6=343.5° with the temperature curve; 
this gives 700, 750, and 820 mb. for D, W, and WW, re- 
spectively, and 770 mb. for WWW. Thus an intercept 
of 750 mb. or lower is associated with showers, and this 
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TaBLe 5.—1500 amt average temperatures (° C.) at 50-mb. intervals 
for the four shower types. Miami, Fla., July and August 1950 


www ww w D 

(mb.) ec) | ec) | eo | Co) 
5.0 “1 5.1 5.5 
8.2 7.5 8.6 8.8 
14.5 13.6 14.6 15.3 
1 on 17.5 16.6 17.3 18. 1 
23.8 22.6 23.7 23.7 
27.5 26.0 27.3 27.1 


TaBLEe 6.—1500 amt average wet-bulb temperatures (° C.) at 50-mb. 
— for the four shower types. Miami, Fla., July and August 


Pressure vad » 
(mb.) C.) (° C.) Cc.) ec, 
—5.5 —5.9 —6.2 —7.0 
—2.8 —2.3 —2.4 —3.4 
4.8 3.9 4.1 3.0 
750... 8.5 6.9 6.8 6.0 
12.0 10.6 10.4 9.2 
14.8 13.8 13.5 12.6 


relationship is partly quantitative. 
used as a forecasting parameter. 

Table 6 similarly presents wet-bulb temperatures. 
Plotting these we get, for D against W, considerably 
greater convective instability for W between 650 and 500 
mb. For W against WW the curves are about identical 
except between 550 and 500 mb., where WW oddly shows 
greater stability. Comparing WW and WWW, much 
greater instability is manifest for WWW between the 750 
and 600-mb. levels. Important differences shown by 
wet-bulb temperatures between 0300 and 1500 omr 
soundings seem to include a requirement for deep convec- 
tive instability through a layer from 750 to 500 mb. for 
afternoon rains, while night showers require instability in 
a higher layer, at 600 mb. and above. Because of the 
0300 emt divergence near the surface, night showers are 
controlled principally in higher levels. (A paper by 
Gentry and Moore [25] offers evidence that most of these 
night showers do not, as is often suggested, form over the 
Gulf Stream and move inland, but instead begin over 
sections well west of the coastline.) 

Table 7 gives the 1500 GMT dewpoint values. Reduc- 
ing these as before to mixing ratios and contrasting D 
and W in figure 10a, we note that a mixing ratio surge of 
between one and two gm/kg. in the deep layer between 
900 and 650 mb. distinguishes the two types. The “‘bite’’ 
at 950 mb. and below is of interest, particularly since we 
cannot this time explain it as associated with low level 
divergence. There may exist in the atmosphere a level of 
maximum moisture transportability—that is, a level 
where day-to-day mixing ratio changes are at a maximum. 


This intercept was 
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Figure 10.—Comparisons between average mixing ratios (gm/kg) for the four types of soundings for 1500 emt, Miami, Fla., July and August 1950. (a) Deviation of W type from 
D type, (b) deviation of WW type from W type, (c) deviation of WWW type from WW type, and (d) deviation of D, WW, and WWW types from W type (combination of 


data from figs. a, b, and c.) 


TaBLe 7.—1500 amr average dew points (° C.) at 50-mb. intervals for 
the four shower types. Miami, Fla., July and August 1950 


Pressure Type www ww Ww D 
(mb.) (°C.) (°C.) °C.) (°C.) 
—13.5 —12.3 —17.2 —18.5 
—3.0 —2.2 —2.6 —7.1 
13.0 11.9 11.4 .3 
16. 2 15.3 15.1 13.3 
20.0 18.0 18.2 18.4 
22.5 20.3 20.6 20.4 


In low levels, more source moisture is available, but due 
to surface friction it is less free to be carried about, while 
ip higher levels available moisture falls off as wind speed 
increases. Thus a point of maximum efficiency could be 
shown to exist. Or perhaps the fact that the principal 
differences in figure 10a »ppear near the 800-mb. level— 
a point almost exactly halfway between the surface and the 
freezing level—is of significance because it is in the middle 
of this important layer. The fact of the relative unim- 
portance of surface levels to the development of trade 
cumulus has been recognized by the group at Woods 
Hole [20-22] in developing the concept of entrainment, 
as discussed previously. 

Figure 10b contrasts W and WW. The surge at 800 mb. 
continues, but with an important qualification: at 650 mb. 
there is no increase. This relative drying effect has been 
encountered and discussed before. Since at 1500 GMT 
there is normally low level convergence, it is evident that 
a very large column of air is gently rising, and our smaller 
shower cell is simply rising more rapidly than is the 
surrounding air—a situation that could still allow much 
relative motion between the parcel and its surroundings. 
Hence there appears a need to consider positive area from 
a standpoint not of observed 1500 GMT 500-mb. temper- 
atures but rather of later temperatures, say at 2000 GMT, 
when the daily upsurge (and shower activity) has almost 
reached its peak. It is at this time that our smaller parcel 
will enter these levels, and it will sometimes be the latent 


heat in lower levels of 650 and 700 mb. that determines 
the thermal environment of the shower top. 

Figure 10c gives characteristics of WWW, the kind of 
showers that cause the most concern and which it was a 
purpose of this paper to identify. The surge in mixing 
ratio at 800 mb. persists somewhat, but we note when 
comparing it to WW a thickening of the surge to include 
levels just above and just below 800-mb. The 1,000-mb. 
level, with the greatest surge of all, fully utilizes the di- 
urnal convergence present here. It is apparent that we 
are here dealing with cumulus clouds of a more classical 
type, with entrainment somewhat less significant and 
surface moisture important to extensive vertical develop- 
ment. The familiar relative drying is evident not only at 
650 mb. but clear up to 500 mb. as well, providing deep 
and intense convective instability that is easily triggered 
by the regular daily upsurge. Under such conditions we 
would expect the heaviest rains to cover a rather large area 
for at least two reasons: (a@) moisture distribution in the 
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FIGURE 11.—1500 GMT deviation of average mixing ratio (gm/kg) for shower type sound- 
ings (W, WW, WWW combined) from that for D type. Miami, Fla., July 1951. 
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FiGURE 12.—Scatter diagram showing plots of Miami rainfall (as in fig. 4) during the 12-hour period immediately following the 1500 mt soundings from which the mixing ratio 
coordinate values were taken. Isograms are interpreted as in figure 4. Dependent data: July and August 1948-51. 


sounding is a function of a wind field common to most of 
southeast Florida, (b) the diurnal low level convergence is 
a product of land-sea contrast likewise common to most 
of southeast Florida. 

Figure 10d sums up the previous three figures for 
convenience in comparing all four types. It will be noted 
that the 750- and 800-mb. levels provide the best overall 
index of shower intensity. Also we see that only the 
heaviest showers are related to low level mixing ratio. 
(This is a weakness of the forecasting parameter to be 
used, which considers only the 850- to 700-mb. layer). 
Relative drying in high levels seems to intensify the 
showers, and too much moisture in these levels inhibits 
them. This offers an explanation of an old idea that it 
is safe to forecast improvement once it has rained hard for 
a few minutes—that is, after the cumulonimbus has fanned 


out enough moisture in higher levels to abruptly alter the 
convective stability of the much larger, gently rising 
column that constitutes its environment. Also, of course, 
great expanses of middle clouds sharply retard surface 
insolation. Each large shower thus eventually signs its 
own death warrant. Can anyone recall two successive 
cloudbursts in southern Florida in a single half day? 

In table 8 are presented freezing level and 700-mb. 
data for 1500 emr corresponding to those of table 4 for 
0300 cmt. Interesting as some of these values are, 
none seems to offer enough skill to warrant use as a param- 
eter. In figure 11 are presented independent data from 
July 1951 as a check on the reality of the relative drying 
near 600 mb. associated with heavier showers. As in its 
counterpart figure 3, all shower types were considered as 
one type and compared to dry averages. 
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MIXING RATIO FUNCTION (FIG.12)I500 GMT 


Ficure 13.—Scatter diagram showing Miami rainfall (as in fig. 4) for the 12-hour period following the 1500 Gmt sounding, plotted against the 1500 Gmt pressure intercept of = 
343.5° and the mixing ratio function from figure 12. Isograms, now a function of three parameters, are interpreted as in figure 4. Dependent data: July and August 1948-1951. 
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LE 8.—1500 amr average freezing level (mb.) and average 700-mb. 
cae ght (ft.) for the four shower types. Miami, Fla., July and August 
1950 


Type Freezing 700-mb. 
level height 
Mb. Feet 
581 10, 555 
583 10, 545 
590 10, 542 
575 0, 527 


Computing the Showalter stability index as before, 
with data from tables 5 and 7 for 1500 amr, results are as 
follows: 
4.2 2.3 2.8 1. 6 

Again the quantitative relation of the index to shower 
type is apparent. The anomalous position of WW could 
perhaps be improved by use of a larger sample. 


OBJECTIVE FORECASTING AID 


Only three parameters were selected in preparing 
objective aids for 1500 amr. Figure 12 gives 12-hour 
rainfall as a function of mixing ratio averages in the two 
layers 850-700 mb. and 650-550 mb. In comparing this 
to figure 4 we note agreement on several points: (1) there 
isa region of maximum rainfall, (2) the contours suggest 
that the effect of increasing beyond certain limits the 
mixing ratio in the higher stratum is to reduce rainfall, 
(3) the highest medians are the same (0.20 in.) indicating 
comparable skill from mixing ratio parameters at both 
times of day. 

In figure 13 we combine the value gotten from figure 12 
with the “lapse rate’ parameter, defined as the height 
(expressed in millibars) of the lowest reasonable intercept 
(highest pressure) of 02=343.5° with the 1500 emr tem- 
perature sounding curve. (In cases of marked temperature 
inversions, use the highest intercept (lowest pressure); 
with an irregular temperature curve smooth as necessary.) 
The curves of figure 13 give a final quantitative estimate 
for ensuing 12-hour rainfall. 

The limitations in the criteria employed in the objective 
forecasting aids have already been considered in the dis- 
cussion of objections to limiting this study to the use of 
radiosonde data. Another kind of objection might be 
made at this point: the chances of hitting on the most 
effective combination of six parameters as used for 0300 
emt data are slim, as there are 45 possible ways to com- 
bine them as in this paper. It is here that theory can be 
of much help in suggesting logical relationships and elimi- 
nating the need for testing meaningless combinations. 


VERIFICATION 


Several tests of the objective aids were made. Results 


for dependent data are summarized in contingency tables 
in table 9, and for independent data in table 10. Corre- 
sponding subjective forecasts regularly issued by the 
Miami WBAS during July and August 1952 were graded 
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for comparison. Miami terminal aviation forecasts for 
the periods 0000-1200 esr and 1200-2400 mst were com- 
pared to objective forecasts made from 0300 amr and 1500 
Gut data respectively. Although the coded soundings 
are not transmitted until after the issuance of Miami 
terminal forecast, essential data were available locally to 
forecasters at the time of preparation of the forecast. 
Since the subjective forecasts are difficult to interpret 
quantitatively, only rain-—no rain aspects were con- 
sidered. Results are summarized in table 11. It is evi- 
dent that during this period the objective forecasts were 
considerably better than subjective ones at 1500 emt, and 
not quite as good at 0300 emr. 

Figure 14 presents graphically the correlation between 
the objective forecasts and observed rainfall for selected 
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Ficure 14.—Graphical comparison between objective forecasts and observed rainfall at 
Miami, Fla. for selected periods in July 1952. Abscissas are dates; ordinates, shower 
types as defined in figures 8 and 13. 
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TaBLe 9.—Verification of objective forecasts, dependent data 
July and August, 1948-51 
0300 GMT 1500 GMT 
Forecast: ‘‘rain’’ or ‘‘no rain’’ Forecast: “‘rain’’ or ‘‘no rain”’ 
Criterion: trace line on figure 8 Criterion: trace line on figure 13 
Observed Observed 
Rain No rain Total Rain No rain ‘Total 
149 57 206 179 51 230 
Skill score 0.37. Skill score 0.36. 
Forecast: ‘‘heavy rain” or ‘‘not heavy rain’”’ Forecast: ‘“‘heavy rain’’ or a heavy rain” 
Criterion: 6.30 line on figure 8 Criterion: 0.20 line on figure 13 
Forecast Forecast 
H Not h H Not h 
eavy ot heavy eavy ot heavy 
rain rain Total rain rain Total 
13 167 180 20 176 196 
Skill score 0.49. Skill score 0.31. 
TABLE 10.—Verification of objective forecasts, independent data 
July 1952 
0300 GMT 1500 GMT 
Forecast: “‘rain’’ or ‘‘no rain” Forecast: “rain” or ‘no rain’’ 
Criterion: trace line on figure 8 Criterion: trace line on figure 13 
Forecast Forecast 
Observed Observed 
Rain No rain Total Rain No rain Total 
Skill score 0.44. Skill score 0.40. 
Original skill score (dependent data) 0.37. Original skill score (dependent data) 0.36. 
Forecast: “heavy rain” or ‘‘not heavy rain” Forecast: ‘‘heavy rain” or ‘‘not heavy rain’”’ 
Criterion: 0.30 line on figure 8 Criterion: 0.20 line on figure 13 
Forecast Forecast 
Observed = Observed th 
eavy Not heavy eavy ot heavy 
rain rain Total rain ra Total 
Not heavy raim.................. 2 27 29 2 25 27 
Skill score Skill score 0.62. 
Original sklils score (dependent data) 0.49. Original] skill score (dependent data) 0.31. 
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TaBLE 10.— Verification of objective forecasts, independent data—Continued 
August 1952 
0300 GMT 1500 GMT 
Forecast: “rain” or “no rain”’ “rain’’ or rain” 
Criterion: trace line on figure 8 Oolterlon: trace line on figure 13 
| Forecast Forecast 
Observed Observed 
Rain No rain Total Rain No rain Total 
67 60 65 69 100 74 
Skill score 0.25. Skillscore 0.42. 
Original skill score (dependent data) 0.37. Original] skill score (dependent data) 0.36. 
Forecast: “‘heavy rain” or “‘not heavy rain’’ Forecast: ‘‘heavy rain” or net heavy rain” 
Criterion: 0.30 line on figure 8 Criterion: 0.20 line on figure 13 
Forecast Forecast 
Observed Net Observed H Net hee 
eavy Not heavy eavy 0 vy 
rain rain Fetal Total 
Skill score Skill score —0.13. 
Original sei score (dependent data) 0.49. Original skill score (dependent data) 0.31. 
July and August 1952 combined 
0300 GMT 1500 GMT 
Forecast: “‘rain”’ or “‘no rain’’ Forecast: “rain’’ or “‘no rain’’ 
Criterion: trace line on figure 8 Criterion: trace line on figure 13 
Forecast Forecast 
Observed Observed 
Rain No rain Total Rain No rain Total 
No rain 10 13 23 17 ll 28 
Skill score 0.34 Skill score 
Original skill score (dependent data) 0.37. Original skill = (dependent data) 0.36. 
Forecast: “heavy rain’’ or “‘not heavy rain”’ Forecast: “heavy rain” or “‘not heavy rain”’ 
Criterion: 0.30 line on figure 8 Criterion: 0.26 line on figure 13 
| Forecast Forecast 
| Observed Met Observed B Net 
eavy ot heavy eavy Yot heavy 
rain rain Total 
8 52 60 4 45 52 
ll 98 85 Percent correct 43 87 82 
Skill score 0.13. Skill sco! 
Original skill score (dependent data) 0.49. Original “ulil’s score (dependent data) 0.31. 
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TasLe 11.—Verification of subjective forecasts of “rain’’ or “no rain” for July and August 1952. 
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Compare with corresponding contingency 


table in table 10. 
0300 GMT 1500 GMT 
Forecast Forecast 
Observed Observed — 
Rain No rain Total Rain No rain Total 
Skill score 0.39. Skill score 0. 


Skill score for comparable objective forecasts 0.34. 


Skill score nd comparable objective forecasts 0.41. 


periods in July 1952. That the agreement was not this 
good most of the time is evident from the skill scores; 
however, the fact that it was possible for any forecasts to 
stay so closely in phase with rapidly changing weather 
for even this short period is encouraging. 

Since the preparation of the original manuscript, veri- 
fication data for July, August, and September 1-20, 1953 
have been compiled. These additional independent data 
have been combined with the independent data for July 
and August 1952 and are summarized in table 12. 


CONCLUSIONS 


Principal findings of this study may be summarized 
briefly as follows: 


(1) The Showalter stability index is of quantitative value 
in the Miami area. 


(2) Low level (1,000-900 mb.) mixing ratios are valueless 
in predicting summer showeriness at Miami following 
0300 emt, but are of value following 1500 amr. 

(3) Miami summer showers following 0300 Gar require an 
initial surge of absolute humidity from 850 to 550 
mb., and these showers become heavier as this surge 
is intensified at 900 mb. and lessened at 750-550 mb, 

(4) Miami summer showers following 1500 Gar require 
an initial surge of absolute humidity from 900 to 
650 mb. and centered on 800 mb., and these showers 
become heavier as this surge is thickened and 
intensified (mostly at 750 and 1,000 mb.) and 
lessened at 650-500 mb. 

(5) Three-day freezing levels and tendencies at 0300 eur 
are of some quantitative value in summer shower 
forecasting at Miami. 


TABLE 12.—Verification of objective forecasts, independent data, July and August 1952, July, August, and September 1-20, 1953 


0300 GMT 1500 GMT 
Forecast: “rain” or ‘‘no rain” Forecast: “rain’’ or “ in” 
Criterion: trace line on figure 8 Criterion: ees line on tgure 13 
Forecast Forecast 
Observed Observed 
Rain No rain Total Rain No rain Total 

Percent mes 75 59 70 63 75 65 
Skill sco’ k 


Original (dependent data) 0.37. 


Skill score 0.23. 
Original skill score (dependent data) 0.36. 


Forecast: “‘heavy rain” or “not heavy rain” 
Criterion: 0.30 line on figure 8 


Forecast: ‘‘heavy rain’’ or heavy rain” 
Criterion: 0.20 line on figure 13 


Forecast Forecast 
Observed Observed 
eavy ot heavy Heavy Not heavy 
rain rain Total rain rain Total 
Heavy rain. 3 5 8 8 16 24 
Not heavy rain_- 14 120 134 14 101 115 
18 96 87 Percent correct 36 86 78 


Skill score 0.17. 
Original skill score (dependent data) 0.49. 


Skill score 
Original skills score (dependent data) 0.31. 
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(6) Three-day 700 mb. heights and tendencies at 0300 cmt 
are of similar value. 


Of greatest interest perhaps is the relationship between 
slight high level relative drying and intensified shower 
activity. Although convective instability has been related 
to tornado activity, there has been to my knowledge no 
suggestion that this is also related to ordinary air mass 
showers. 

It is also significant that in summer the Showalter 
stability index values as computed from the Miami data 
are practically always within the range usually considered 
thundery. Nevertheless perhaps half our summer days 
are quite dry. A value of 1 or 2 is needed here to produce 
the activity gotten by 3 or 4 elsewhere, and our night 
criteria are a little different from daytime ones. This 
is offered as evidence in support of the hypothesis pro- 
posed early in this paper. Such an idea, indeed, is im- 
plicit in the writings of experienced forecasters like 
Hallenbeck [26], who stated “I am convinced that the 
only way in which any appreciable improvement in the 
accuracy of weather forecasts can be attained is to 
assign each forecaster to a limited territory . . . and keep 
him there”’ (italics his). If this hypothesis stands, there 
appears a need to inhibit the nomadic tendencies of fore- 
casters and to provide them with time and incentives to 
explore and record for their successors the peculiarities 
of their own regions. 

In the approach to the Miami shower problem pre- 
sented here, the surface has only been scratched and more 
work is needed. It would be desirable to incorporate 
wind parameters and raob criteria into a single system, to 
extend the 1500 amt mixing ratio parameter down to 
the 1,000-mb. level, and to improve the accuracy of the 
curves as time and additional data permit. 
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THE WEATHER AND CIRCULATION OF JANUARY 1954’ 


A Low Index Month With a Pronounced Blocking Wave 


ARTHUR F. KRUEGER 
Extended Forecast Section, U. S. Weather Bureau, Washington, D. C. 


MONTHLY MEAN CIRCULATION 


During January 1954 the monthly mean zonal index 
(35° N.-55° N.) at 700 mb. for the Western Hemisphere 
averaged below its normal value for the first time since 
April 1953 [1]. This is indicated in figure 1, which shows 
the observed and normal monthly zonal indices for the 
past 10 months. The index reached its highest monthly 
average and also its greatest positive deviation from 
normal in the period from mid-November to mid-Decem- 
ber 1953, and thereafter experienced a steady decline to 
speeds that were weaker than normal. Five-day mean 
values for December and January show that the index 
dropped from 13.7 m/sec late in December to a minimum 
of 8.4 m/sec early in January, followed by a recovery to a 
value (11.1 m/sec) near the normal later in the month. 
As can be seen from figure 2 these changes were accom- 
panied by shifts in the latitude of the maximum wester- 
lies, southward from about 50° N. on December 27 to 
about 37° N. on January 8 and then northward. At the 
end of January the westerlies were shifting southward 
for the second time once more accompanied by a falling 
zonal index. 

During the southward shift of the westerlies, sea level 
pressures increased at high latitudes. North of 40° the 
average pressure over the Western Hemisphere was well 
above normal for the month, as may be seen in figure 3. 
At lower latitudes, on the other hand, pressures averaged 
below normal, so that the polar anticyclones grew at the 


1 See charts I-X V following p. 41 for analyzed climatological data for the month, 
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Ficure 1.—Variations of the mean monthly zonal index at 700 mb. for the Western 
Hemisphere in the latitude belt 35°-55° N. from April 1953 to January 1954 with normal 
index dashed. Notice the 8-month period during which the index was above normal. 


expense of the subtropical high pressure cells, a condition 
considered typical of low index [2]. 

Corresponding to the low index state, the monthly mean 
position of the belt of maximum westerlies at 700 mb was 
south of normal in the Pacific and western and central 
North America (fig. 4a). Asa result wind speeds averaged 
above normal north and northwest of the Hawaiian 
Islands and along the Pacific coast of the United States 


(fig. 4b). They were also above normal along a second- 
60 
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FiGureE 2.—Time-latitude section of 5-day mean 700-mb. zonal wind speed (m/sec) in the 
Western Hemisphere for period December 18, 1953, to February 2, 1954. Heavy arrowed 
lines mark latitude of axes of maximum wind speed. Notice the latitudinal variation 
of the maximum westerlies during late December and January. 
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Fiaure 3.—Mean sea level pressure profile in the Western Hemisphere for January 1954 


with normal profile dashed. Pressures were above normal north of 40° N. (shaded 
area). 


29 
a 


30 MONTHLY WEATHER REVIEW 


Fiaure 4.—Mean 700-mb. isotachs (a) and departure from normal wind speed (b) (both 
in m/sec) for January 1954. Solid arrows indicate the average position of the maximum 
westerlies, which were well south of normal in the Pacific. Dashed arrow from north- 
east Siberia to northwest Canada indicates secondary axis of westerlies around block in 
Bering Sea. 


ary axis of maximum winds from Kamchatka to the 
Yukon, where the westerlies were forced to flow around 
a strong blocking High in the Bering Sea (figs. 4 and 5). 
In the central Pacific and western Canada wind speeds 
averaged as much as 6 to 8 m/sec below normal, as con- 
trasted with December, when wind speeds averaged 
as much as 7 m/sec above normal in these same regions 
[3]. In the Atlantic and eastern United States the axis 
of the maximum westerlies was observed in its normal 
position and at speeds close to normal. 

Blocking activity was a major factor in determining the 
prevailing flow pattern for January. As may be seen 
from figure 5, 700-mb. heights were well above normal in 
the northeastern Atlantic and in the Bering Sea, regions 
which are frequent sites for blocks [4]. In response to 
the strong ridge in the Bering Sea very cold air was driven 
southward into western Canada and the eastern Pacific, 
resulting in frequent cyclogenesis and subnormal heights 
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off the coasts of Washington, Oregon, and British 
Columbia. An abnormally deep Low in the Sea of 
Okhotsk was also related to the blocking inasmuch ag 
strong cyclones were blocked by the ridge. Across the 
United States flow at 700 mb. was nearly zonal despite 
the fact that the zonal index from 0° westward to 180° 
averaged below normal. These regional variations in 
index are frequently observed, and point up the danger of 
using a hemispheric index to define a regional circulation 
pattern. 


BEHAVIOR OF THE BLOCK 


A major feature of blocking as given by Namias [5] is 
that a regional retardation of the westerlies progresses 
slowly westward. This feature was conspicuous during 
January, as figure 6, showing time-variation of regional 
zonal indices, clearly indicates. An index minimum was 
reached about the first of January in the eastern Atlantic, 
the 5th in the western Atlantic, the 10th in North America, 
the 20th in the eastern Pacific, and finally about the 31st 
in eastern Asia. The average rate of westward motion 
of the index minimum during this period was 52° of 
longitude per week. This rate, however, was not uni- 
form, varying from about 30° of longitude per week in the 
Pacific to 70° per week in the Atlantic and North America. 

It is noteworthy that both these average and sectional 
rates compare closely with rates computed for a similar 
blocking case observed during January 1944 by Namias 
[5]. 

The changes that took place at various longitudes as 
blocking spread westward are shown in figures 7 and 8. 
Figure 7 shows the changes in 700-mb. heights computed 
at 60° N. from 5-day mean charts 1 week apart. Large 
rises originated in the eastern Atlantic about 20° W. and 
spread westward during the month, reaching 160° W. 
about January 10 and 120° E. about January 31. The 
long-period trends occurring at most longitudes are strik- 
ing. For example, strong height rises at 160° W. (Alaska) 
after January 5 continued for 2 weeks, followed by falls 
during the remainder of the month. Of interest also is 
the large magnitude of the changes in the two favorite 
regions of blocking (160° W. and 0°). In fact most longi- 
tudes experienced their highest heights and largest varia- 
tions as the wave of blocking passed. 

While height rises originated in the eastern Atlantic 
and spread westward to the Pacific it should be empha- 
sized that the ridge in the eastern Atlantic did net bodily 
retrograde to the Pacific. Instead, blocking spread by 
means of successive upstream intensification of ridges and 
weakening of troughs [5]. 

In figure 8 a series of 5-day mean 700-mb. height 
anomalies at intervals of one week have been plotted on 4 
polar projection for the regions north of 40° N. Figure 
8A shows the block in the eastern Atlantic shortly after it 
was established, as indicated by an anomaly of +850 ft. 
at 55° N., 20° W. During the next week (fig. 8B) the 
anomaly maximum retrograded to 30° W. with height rises 
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FicurE 5.—Mean 700-mb. height contours and departure from normal (both in tens of feet) for January 1954. Above normal heights prevailed north of 50° N, in the 
Western Hemisphere. 


spreading westward from this center, as shown by the 
large positive anomalies extending to about 120° W., 
where a week earlier heights had been below normal. 
The following week (fig. 8C) the block became well 
established over the eastern Pacific with maximum de- 
partures of +900 feet around 55° N., 165° W., while 
heights fell away over Canada. In the Atlantic the 


blocking condition almost disappeared as strong zonal 
flow became re-established. Figure 8D indicates a very 
slow retrogression of the block. To its east abnormally 
cold air was advected over the Gulf of Alaska accompanied 
by strong cyclogenesis. Meanwhile, on the other side of 
the hemisphere another block developed in Eurasia. 
During the next week (fig. 8E) the Pacific block continued 
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Ficure 6.—Five-day mean values of the 700-mb. zonal index (35°-55° N.) for progressively 
westward sections from December 25, 1953, to February 8, 1954. The heavy dashed line 
indicates the minimum in successive sections. Notice how this minimum index moves 
westward with time. 
to retrograde slowly to near 150° E. with strong falls on 
its eastern side and the block in Eurasia strengthened. 
In the following period (not shown) the initial block fell 
away in Siberia. 

The 5-day mean sea level maps during January (not 
reproduced) show that the blocking in the Atlantic re- 
sembled what Elliott ard Smith [4) have referred to as 
low-latitude blocking, whereas the blocking in the Pacific 
resembled their high-latitude type. The former type ‘is 
characterized by a northward extension of the subtropical 
high cell where the connection with this cell is not broken; 
any trapped low-pressure centers being formed well to the 
east of the blocking high cell.” On the other hand, their 
high-latitude type is “characterized by a high-pressure 
cell far to the north and trapped low-pressure areas along 
the southern periphery.” The behavior of the blocking 


also seems consistent with their findings and with Yeh’s 
theoretical results on differential rate of energy dispersion 
at bigh and low latitudes [6] since the Atlantic block, being 
of the low-latitude type, extended its influence westward 
more rapidly than the Pacific block. 
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FiGuRE 7,—Time-longitude section showing changes in 700-mb. heights at 60° N. (tens 
of feet) computed from 5-day mean charts one week apart. Isopleths drawn for intervals 
of 500 ft. with rises greater than +500 ft. shaded. Notice the “‘channel”’ of rises origi- 
nating about 20° W. and spreading westward during January. 


THE WEATHER 


Due to the small amplitude of the monthly mean flow 
across the United States (fig. 5) with stronger than normal 
westerly components over the western and central por- 
tions, mean temperatures were above normal over most 
of the West and South, and below normal only in the 
North (Chart I-B). The below normal temperatures were 
associated with a well developed anticyclone centered 
over northwestern Canada (Chart XI) and above normal 
sea level pressures (maximum of 8 mb.) over most of 
Canada (Chart XI inset). Average temperatures for the 
month were as low as 13° below normal in Montana and 
6° below normal in New York State. It is interesting to 
note that this was the first time since 1948 that mean 
January temperatures were below normal in the North- 
east. This cold air was situated for the most part to the 
north of the strongest westerlies where the flow was 
weaker than normal (fig. 4b). It appears that this cold 
air could not penetrate farther south in the mean due to 
the containing action of the fast westerlies [7]. 

In the Plains States the finger of below normal tempera- 
tures extending southward corresponds with the prevailing 
path of polar anticyclones entering the United States from 
Canada (Chart IX). These polar outbreaks, while fre- 
quent, were shallow and were therefore rapidly modified 
and swept out into the Atlantic in response to the zonal 
flow aloft. 

In the northern Rocky Mountain States an unusually 
strong contrast was observed between warm Pacific aif 
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Jan. 27-31, 1954 


FicurE 8.—Series of polar projections of 5-day mean 700-mb. height departures from normal (in tens of feet) north of 40° N. Isopleths are for intervals of 200 ft. with positive anomalies 
greater than 200 ft. shaded. Large positive anomalies appeared in the Atlantic (+850 ft.) early in January and spread rapidly westward across North America to the Pacific where 


the rate of westward motion diminished appreciably. 


and cold Canadian air (Chart I-B). For example a surface 
front separating these two air masses was located between 
Boise, Idaho, and Havre, Mont. on 23 different days of the 
month. As a result Boise had a monthly mean tempera- 
ture of 37° F. (10° above normal), while Havre had a 
monthly mean of 0° F. (13° below normal). The differ- 
ence in daily mean temperatures between these stations 
was 40° or greater on 16 days of January and reached an 
extreme of 62° F. on January 23. 

Precipitation amounts for the month (Chart III) ex- 
ceeded normal along the west coast and in the Northern 
Plains, as well as in the area from Arkansas eastward to 
the Atlantic. Elsewhere, for the most part, amounts were 
below normal, with parts of the Central Plains receiving 
only some 10 percent of the normal. This region was 
located south of the principal storm track (Chart X) and 
was dominated by Pacific air masses which were consider- 
ably dried out upon crossing the mountains. A few 
cyclones went through the region, but were too weak and 
fast moving to be effective in producing significant 
amounts of precipitation. 
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In Tennessee and North Carolina, on the other hand, 
amounts as high as 200 percent of the normal were 
reported. This precipitation occurred primarily after 
cold cP outbreaks penetrated the Southern States and 
were overrun by warm moist Gulf air. The resulting 
precipitation was copious, occurring in a few storms. 
Knoxville, for example, received most of its precipitation 
in two storms which together gave 10.10 inches as com- 
pared with its total monthly precipitation of 11.73 inches. 

Heavy precipitation along the Pacific Coast occurred as 
a result of increased cyclonic activity in the eastern Pacific 
and stronger than normal westerly flow over the coastal 
ranges. The precipitation was particularly welcome in 
southern California where droughty conditions had 
developed. Along the northern border the excess amounts 
occurred as a large number of cyclones traveled along the 
mean frontal zone. 

The Atlantic block which appeared early in the month 
and recurred at the end of the month caused cold air from 
Russia and the Arctic to overspread all Europe. Frequent 
cyclonic activity from the Gulf of Genoa eastward to the 
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southern and central Europe. The storminess and cold 
combined to give Europe some of its worst weather in 
years—blizzards from northern Italy to Sweden and toll- 
taking avalanches in the Alps. A transitory weakening 
of blocking activity occurred during the middle of the 
month and weather improved over southern Europe, only 
to deteriorate again at the end of the month as the second 
block was established. 
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CYCLOGENESIS IN THE GULF STATES, JANUARY 1954 


L. P. STARK AND D. A. RICHTER 
WBAN Analysis Center, U. S. Weather Bureau, Washington, D. C. 


INTRODUCTION 


The Gulf States area (including the northern Gulf of 
Mexico) is a dependable source region for January storms. 
In this month there is an average of almost five cases of 
eyelogenesis, according to Visscher [1], compared with 
two per month in November and one per month in April. 

These storms usually have a pronounced effect on the 
comfort and commerce of perhaps one-third of the popu- 
lation of the United States. For that reason alone the 
birth and growth of Gulf area cyclones is of primary in- 
terest and a fundamental problem for speculation and 
inquiry. 

Most east coast winter Lows originate as unstable waves 
either in the Gulf of Mesico area or near the Atlantic 
coast. Miller [2] classified such storms on the basis of 
their genesis strictly in the Atlantic coastal region—some 
over land, others over or near the Gulf Stream. It seems 
probable that both types must occasionally result from 


| Gulf-bred storms whose behavior is similar to that which 


George [3] calls “‘center jumps”. Elliott [4], in his dis- 
cussion of weather types, described type G (cyclogenesis 
in the Gulf). This type is subdivided into types Ga and 
Gb, both of which originate in the Gulf area and may 
eventually mature to east coast storms of major propor- 
tions. In his study of Texas-West Gulf cyclones, Saucier 
[5] suggested two synoptic patterns, the Great Plains 
trough and the Southwest cold-core Low, from which 
such cyclones form. 

In January 1954 there were three instances of cyclo- 
genesis in the Gulf States area in a period of less than 2 
weeks. All three were responsible for widespread pre- 
cipitation including rain, snowstorms or sleet, and at- 
tendant public inconvenience. From that standpoint 
alone each of those three Lows is worthy of comment. 
In this study, bowever, most attention will be given to 
antecedent synoptic patterns in the lower and mid- 
troposphere and those features associated with cyclo- 
genesis. 


CYCLOGENESIS ON JANUARY 10, 1954 


The storm of January 10 (hereafter referred to as Storm 
I) was first detected at 0630 amr on that date just south 
of Shreveport, La. (fig. 2). Twenty-four hours prior to 
the genesis of Storm I (fig. 1) the parent Low was over 
southeastern Wisconsin. The Low over west Texas 


moved southward, and was not associated with the cyclone 
development in Louisiana. That portion of the cold 
front south of 35° N. began slowing down. A strong 
ridge from a Canadian High extended south-southeast- 
ward into northern Texas. South of the front, a tongue 
of warm, moist tropical maritime air invaded the Gulf 
Coast States. By the time the first closed isobar was 
noted (fig. 2) rain had begun to fall from east Texas to 
lower Michigan. 

Figure 3 shows the 850-mb. chart for 0300 emr January 
9. Vigorous cold advection took place from the Canadian 
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FIGURE 1.—Surface chart for 0630 Gut and 500-mb. contours in hundreds of feet (dashed) 
for 0300 amt, January 9, 1954. Shading indicates areas of active precipitation. 


FIGURE 2.—Surface chart for 0630 Gut and 500-mb. contours in hundreds of feet (dashed) 
for 0300 out, January 10, 1954. Shading indicates areas of active precipitation. 
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FIGURE 4.—850-mb. contours in hundreds of feet and isotherms in ° C. (dashed) for 0300 
Got, January 10, 1954. 


border to central Kansas. South and east of the 850-mb. 
cold front there was warm air advection, but it was weak 
except from the Rio Grande to northern Arkansas. 

By 0300 emt, January 10 (fig. 4) a “cold injection” [3], 
prominent 12 hours earlier near Omaha, Nebr., had trav- 
eled to Oklahoma. North of the cold front winds veered 
to the northeast while winds south of the front remained 
from the southwest. Those southwesterly winds advected 
warm air from the Gulf to the Ohio Valley. 

An inspection of the 500-mb. contours for 0300 ear, 
January 9 (fig. 1) shows a minor trough oriented south- 
westward from Salt Lake City, Utah. By 0300 emr, 
January 10 (fig. 2) the trough reached from Cheyenne, 
Wyo., southward to north-central Mexico. A pool of 
cold air associated with the trough was carried into the 
Denver, Colo.-Rapid City, S. Dak. area. A jet stream 
appeared along the Continental Divide, dipped into 
central Te> as, then recurved northeastward into Virginia. 

Rain began falling in Arkansas and Tennessee some 6 
hours before the first closed isobar appeared at the sur- 
face. As the center deepened and moved slowly north- 
eastward (fig. 5) the rain changed to freezing rain, sleet, 


Ficure 5.—Surface section for 0630 Gut and 500-mb. contours in hundreds of feet (dashed) 
for 0300 GMT, January 11, 1954. Shading indicates areas of active precipitation. 


and snow north of the front. Thunderstorms and sub- 
stantial rainfall were reported as the southern portion of 
the front moved eastward replacing and forcing aloft 
the moist Gulf air. Behind the cold front the surge of 
Arctic air caused temperatures to drop below freezing 
along the Gulf Coast from Corpus Christi, Tex., to Mobile, 
Ala. [6]. As the Low developed further, snow began 
accumulating. In the Atlantic Coastal States 6 to 10 
inches fell from New Jersey northward. One to two 
inches were measured from West Virginia southwestward 
to Oklahoma. 


CYCLOGENESIS ON JANUARY 15, 1954 


On January 14, 24 hours prior to the development of 
Storm II the surface chart (fig. 6) shows that a quasi- 
stationary polar front twisted through the Gulf States 
and northeastward to the Atlantic seaboard. A cold 
outbreak similar to that found in Storm I was not readily 
apparent, although a weak cold ridge existed from Iowa 
to North Dakota. Next day (fig. 7) there was a cold 
outbreak following the formation of a new wave on the 
Arctic front, but it did not appear to be directly associated 
with the Low near Shreveport, La. 

A pressure minimum in the Rocky Mountain lee 
trough (fig. 6) progressed rapidly eastward in 24 hours 
(fig. 7). Meanwhile the stationary polar front began t 
move as it was caught in this circulation. Twenty-four 
hour pressure falls of 5 to 10 mb. were prevalent in the 
proximity of the 1,008-mb. center near Shreveport. 

The 850-mb. chart for 1500 cmt, January 14 (fig. 8) 
shows a conspicuous absence of cold air advection east 
of the Rockies, except that of relatively minor magnitude 
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Fiovre 6.—Surface chart 1830 Gut and 500-mb. contours in hundreds of feet (dashed) 
for 1500 Gut, January 14, 1954. Shading indicates areas of active precipitation. 


Fievre 7.—Surface chart for 1830 Gat and 500-mb. contours in hundreds of feet (dashed) 
for 1500 Gav, January 15, 1954. Shading indicates areas of active precipitation. 
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FIGURE 8.—850-mb. contours in hundreds of feet and isotherms in ° C. (dashed) for 1500 
January 14, 1954. 


in northern Minnesota and in the eastern Colorado-New 
Mexico regior. A cold injection appears to be forming 
over northern Montana. Compared with Storm I, the 


850-mb. level the day before cyclogenesis in Storm II 
289649544 


Ficure 9.—850-mb. contours in hundreds of feet and isotherms in ° C. (dashed) for 1500 
Gut, January 15, 1954. 


FiGuRE 10.—Surface section for 1830 Gut and 500-mb. contours in hundreds of feet 
(dashed) for 1500 Gut, January 16, 1954. Shading indicates areas of active precipi- 
tation, 


seemed to contribute little to the development except 
moderate, but widespread, warm advection. 

By 1500 emt, Jenuary 15 (fig. 9) a weak trough associ- 
ated with the cold front had moved eastward from the 
Texas Panhandle. Advection of cold air was then quite 
apparent from Canada to central Nebraska, but was too 
far removed from the cyclogenetic area to have con- 
tributed much as a source of potential energy. 

The 500-mb. chart for 1500 emt, January 14 (fig. 6) 
shows a cold Low over the Gulf of California. The trough 
lying northeastward from the cold Low to Canada appeared 
to be strong enough and imbedded in such a flow that it 
would progress eastward. But the chart 24 hours later 
(fig. 7) shows that the northern portion of the trough 
disappeared in the strong westerly flow; the southern 
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portion lay from Kansas to north-central Mexico. A jet 
stream around the cold Low on January 14 moved east- 
ward and weakened. By January 15 it extended from 
south-central Texas northeastward into Virginia with a 
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Fiaure 11,—Surface chart for 1830 Gut and 500-mb. contours in hundreds of feet (dashed) 
for 1500 amt, January 20, 1954. Shading indicates areas of active precipitation. 
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Ficure 12.—Surface chart for 1830 Gut and 500-mb. contours in hundreds of feet (dashed) 
for 1500 Gut, January 21, 1954. Shading indicates areas of active precipitation. 
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Ficur& 13.—850-mb. contours in hundreds of feet and isotherms in ° C. (dashed) for 1500 


January 20, 1954. 
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poorly defined isotach maximum from central Texas to 
Arkansas. 

The most significant difference in the 500-mb. patterns 
for Storms I and II was the absence in the second one of 
any nearby pronounced cold air advection before or at 
the time of cyclogenesis. Warm advection predominated 
in the area south of 40° N. The warming of the minor 
trough destroyed its thermal contrast. 


In spite of its short life and obvious weakness, Storm I] 
was responsible for considerable precipitation, most of 
which fell as rain. Floods in northern Alabama {6 
resulted from heavy rains on January 16. In general, 
snow and sleet were confined to New York and New 
England. The Low deepened during the 24 hours follow- 
ing its development (fig. 10), then lost its identity as a 
new Low formed offshore. 


CYCLOGENESIS ON JANUARY 21, 1954 


Storm III originated on January 21 in much the same 
manner as Storm 1. In both cases a wave formed on the 
polar front as it lost its momentum. As the parent Low 
moved rapidly across the Great Lakes the day before 
cyclogenesis (fig. 11), a cold wedge pushed southward 
behind the cold front. Temperatures fell 30°-40° F. in 
a 12-hour period in Oklahoma and northern Texas. By 
the time cyclogenesis occurred in southern Louisiana (fig. 
12) temperatures south of the front were in the middle 
70’s; just northwest of the cold front temperatures in the 
low 20’s were dominant. 

The 850-mb. chart for 1500 cmt, January 20 (fig. 13) 
indicates that there was pronounced cold advection taking 
place from Kansas northward to the Canadian border. 
There was a cold injection over western Kansas. In view 
of the light winds at this level, advection may appear 
weak at first in spite of the strong isotherm ribbon. But 
winds below the 850-mb. level and nearer the gradient 
level over the isotherm ribbon averaged at least 20 knots. 
There was some warm air being advected east of the cold 


FicurE 14.—850-mb. contours in hundreds of feet and isotherms in ® C. (dashed) for 1500 
Gut, January 21, 1954. 
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tion of higher levels doubtless has a considerable effect on 
the formation of cyclones as shown by Wuif and Obloy 
[7], Alaka, Jordan, and Renard [8], and others. But for 
forecasting winter cyclogenesis in the Gulf States area 
many feel that a detailed study of the middle and lower 
levels in the troposphere is probably an adequate approach 
to the problem if the forecasters’ time does not also permit 
a thorough study of the upper troposphere and strato- 
sphere. 

By now the reader will have catalogued certain similar- 
ities and differences in the three storms presented above. 


to front as shown in figure 13, but it appears considerably 
less intense than the cold advection. 

ns In another 24 hours (fig. 14) a closed circulation formed 

of over northwestern Arkansas as the cold air drove south- 

at ward to the Rio Grande. 

ed The pattern at 500-mb. the day before cyclogenesis is 

or shown in figure 11. A cold Low was centered over south- 
ern California with a trough extending southward beyond 
25° N. A jet stream in excess of 80 knots circled the 

I] southern half of the Low, then continued northeastward 

of through western Texas, then across country to Pennsyl- 


6] vania. In summary, then, the following statements should be 
al, By 1500 emt, January 21 (fig. 12) the 500-mb. Low had emphasized: 

W filled about 400 feet as it moved to southwestern Kansas. 1. A 500-mb. cold Low or trough was located over 
W- But the trough and Low center contined to move eastward the southwestern United States at least 24 hours 


before cyclogenesis. The cold troughs moved 
eastward and were partislly responsible for sur- 
face pressure falls (except in Storm II). Storms 
I and II were similar to Saucier’s [5] cold-core 
cyclone formation. 

. An adequate supply of warm, moist, maritime 


a with a resulting fall in 500-mb. height and surface pressure. 
The jet stream was oriented northeastward from north- 
ern Mexico across the Atlantic coast near Delaware. An 
isotach maximum of about 80 knots lay from central 

1e Texas to Tennessee. 
1e Subsequent to the formation of Storm IIT (fig. 15) 


heavy snow fell northward from the Low to New Jersey. 


tropical air was present before and at the time 


re Heaviest amounts were observed in eastern Maryland [6] of storm formation. 

d where totals ranged as high as 10 to 12 inches. The 3. The cold front in Storms I and III slowed down 
D 500-mb. trough meanwhile had maintained its sharpness considerably before cyclogenesis; in Storm II a 
y and eastward movement of about 30 knots. stationary front was present for wave formation. 
4. Pronounced cold air advection took place at 850- 
; SUMMARY OF SYNOPTIC CONDITIONS and 500-mb. levels before Storms I and III 
e In the discussion of antecedent synoptic conditions of formed; cold air advection was absent before 

the three storms an attempt was made to point out salient Storm II formed. 

) features of the lower and mid-troposphere. The contribu- 5. The parent Low was well over 1,000 miles to the 
g northeast of the cyclogenetic area. 

¥ 6. 850-mb. winds in the lower Plains States veered to 
v the northeast after the cold front passage as 
r noted by Visscher [1]. The exception was 


Storm IT. 

7. Low index or relatively low index conditions pre- 
vailed. That low index is desirable for Gulf 
cyclogenesis was pointed out by Starr [9] and 
implied by Elliott [4] in his types Ga and Gb. 

8. Bjerknes [10] has commented that it is necessary 
to have either “unstable frontal wave action or un- 
stable growth of an upper trough” or both in order 
that cyclogenesis may proceed. Both factors 
existed in Storms I and III. 

9. In all three cases a cold injection was present at 
850-mb. before Lows developed. In Storm II, 
however, the injection appeared to be too far 
north to be of any importance in the subsequent 
wave formation. 

10. 1,000-500-mb. thickness values increased over the 
areas of cyclogenesis (fig. 16) while 500-mb. 
heights generally decreased or were unsteady. 

\ The surface pressure falls were a reflection of the 

Ficurg 15.—Surface section for 1830 GMT and 500-mb. contours in hundreds of fect height falls and the thickness increases. (See 
(dashed) for 1500 Gt, January 22, 1954. Shading indicates areas of active precipt- : 
| tation. next section.) 
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11. The activity of the jet stream was essentially the 
same in the three cases studied. An isotach 
maximum lay over or slightly to the north of the 
areas of surface development. 


COMMENTS ON FORECASTING CYCLOGENESIS 
THE GEORGE METHOD 


A method proposed by George [3] was applied to the 
three January storms to determine whether cyclogenesis 
would occur and, if so, with what intensity. When used 
on Storm I the day before development, a center jump 
appeared likely and cyclogenesis was not favored. Ac- 
tually, there was a center jump in addition to cyclogenesis 
of intensity 12 near Shreveport, La. 

On Storm II this method indicated cyclogenesis of in- 
tensity 5 would occur in southwestern Kansas. A center 
of intensity 8 was found 24 hours later some 350 miles to 
the south-southeast even though the cold injection was 
far north of 38° N. (Cyclogenesis is most favored when 
the isotherm ribbon is below 38° N.) 

In the case of Storm IIT a forecast development of in- 
tensity 6 in central Georgia compared favorably with the 
actual center of intensity 9 in central Louisiana. 


1,000-500-MB. THICKNESS PATTERNS 


The departure from normal of the 1,000-500-mb. thick- 
ness prior to the development of these storms was studied. 
A similarity of pattern was evident in all three cases. The 
greater than normal source of potential energy was delin- 
eated by the gradient and geographical location of the 
centers of plus and minus departures. In Storms I and 
III the gradient was largest northwest of the cyclogenetic 
areas; in Storm II the greatest gradient was to the south- 
west. 

There are other ways in which thickness can be used 
effectively as an aid in forecasting cyclogenesis as proposed 
by Sutcliffe and Forsdyke [11]. A visual and subjective 
evaluation of vorticity can be made. If cyclonically 
curved thickness contours lie upstream from a region of 
suspected cyclogenesis, one could conclude that cyclonic 
development is more probable in view of the potential in- 
crease in cyclonic thermal vorticity. In the three cases 
studied here there was an increase in cyclonic curvature 
of the thickness contours (not reproduced) over the regions 
of Low formation which could have been projected down- 
stream without apparent difficulty. It was felt that per- 
haps thickness mean flow charts would have been useful 
in forecasting the areas of thermal vorticity. Such charts 
were constructed, but their usefulness was not readily 
apparent. Linear extrapolation proved of most value. 

Another too! can be derived from a consideration of the 
1,000-500-mb. thickness patterns. A subjective determi- 


nation of the greatest possible deepening in an area of 
likely cyclogenesis can be made by answering the question: 
What would be the lowest 500-mb. contour and the highest 
1,000-500-mb. thickness contour in the suspected area in 
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Ficure 16.—Comparison of changes in 500-mb. height (solid lines), 1000-500 mb. thickness 
(long dashes), and sea level pressure (short dashes). 

24 or 36 hours? In short, a “‘reasonable’”’ forecast of both 

thickness and 500-mb. values would result in a reasonable 

(and consistent) surface prognosis. 
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The combined contributions of the thickness and 500- 


F mb. changes to the surface pressure changes in the three 


January storms are graphically illustrated in figure 16. 
Several prominent features of this figure are: 
1. It shows best the effects which falling 500-mb. 
heights and rising thicknesses have on surface 
pressure falls 
. Thickness values and 500-mb. heights began falling 
or fell more rapidly after the cold front passed. 
3. In general, thickness values increased as the cold 
front approached while 500-mb. heights fell. 


CONCLUSION 


It is felt that cyclogenesis in the Gulf States can be 
better understood and can be forecast with more con- 
fidence and certainty if the George method and thickness 
considerations are integrated into the pre-forecast synoptic 
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January 1954. M. W. R. 
Chart I. A. Average Temperature (°F.) at Surface, January 1954. 
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B. Departure of Average Temperature from Normal (°F.), January 1954. 


A. Based on reports from 800 Weather Bureau and cooperative stations. The monthly average is half the sum of the monthly 
average maximum and monthly average minimum, which are the average of the daily maxima and daily minima, respectively. 
B. Normal average monthly temperatures are computed for Weather Bureau stations having at least 10 years of record. 
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Jauuary 1954. M. W.R. LXxxlI—3 
Chart III. A. Departure of Precipitation from Normal (Inches), January 1954. 
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Normal monthly precipitation amounts are computed for stations having at least 10 years of record. 
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January 1954. M. W.R. LXxxlI—5 
Chart V. A. of Snowfall, 1954. 


B. a of Snow on Ground Rachels: 7:30 a.m. S. wa January 26, 1954. 
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A. Amount of normal monthly snowfall is computed for Weather Bureau stations having at least 10 years of record. 
B. Shows depth currently on ground at 7:30 a.m. E.S.T., of the Tuesday nearest the end of the month. It is based on reports 
from Weather Bureau and cooperative stations. Dashed line shows greatest southern extent of snowcover during month. 
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LXXxlI—6 January 1954. 


Chart VI. A. Percentage of Sky Cover Between Sunrise and Sunset, January 1954. 


Between Sunrise and Sunset, January 1954. 


B. Percentage of Normal Sky Cover 
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A. In addition to cloudiness, sky cover includes obscuration of the sky by fog, smoke, snow, etc. Chart based on 
visual observations made hourly at Weather Bureau stations and averaged over the month. B. Computations 
of normal amount of sky cover are made for stations having at least 10 years of record. 
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January 1954. M. W.R. 


Chart VII. A. Percentage of Possible Sunshine, January 1954. 
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B. Percentage of Normal Sunsh 


ine, January 1954. 


A. Computed from total number of hours of observed sunshine in relation to total number of possible hours of 
sunshine during month. B. Normals are computed for stations having at least 10 years of record. 
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